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ABSTRACT
This study seeks to obtain an optimal pavement layout by combining theoretical
and expenmental field approaches to pavement design thereby side-tracking full-
scale tests for each new rmad. To do this, a comprehensive data on traffic
census, fundamental properties of road materials such as asphalt, laterites and
stabilized laterites were collected from relevant Ministries, Journals, textbooks,
laboratory test reports and engineering companies. A computer (FORTRAN)
programme was written using BISAR programme equation in conjunction with
smith-Witczak (1981) equation. The results were used to obtain a mechanistic
pavement design with inputs from American Association of State Highway and
Transportation Officials (AASHTO) design guide. The approach produced an
aoptimal pavement layout of 625mm (total thickness) that can exceed its design life
with overloaded traffic. It also comparas favourably with former procedures for
tropical countnes. Further research into this "theory-practical' approach is

recommended
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CHAPTER ONE

INTRODUCTION

1.1 GENERAL BACKGROUND OF ROADS AND ROADWAY PAVEMENTS

1.1.1 Roads
Roads can be considered as causes as well as consequence of civilization.
As civilization Is advanced and prospenty increases, there is always an
inevitable demand for better and speedier communication facilities
especially roads. Indeed it can truly be said that the prosperity of a nation is
bound up with the state of its roads, and that the roads act as a palimpsest
of a nation's history {O "Flaherty, 1973)

Roads facilitate the movement of both people and goods from place (o
place and they also provide social and commercial interactions between
communities, towns and even nations in some cases. Prior to the
introduction of automobiles, there was no urgent need to design roads
similar to modern roadways. Horse-drawn wagons and other slow moving
vehicles did not require a paved road as long as the ground was hard
enough for the vehicles to travel on. Although many roads were built in
ancient times such as the Roman Appian Way and the express roads of the

early Chinese dynasty, the purpose of the construction was to provide a |
hard surface for the repeated use without in'.tr;-rrupting' travel speed.

Meanwhile, since Warld War Il, the lagal speedlr::f vehicles has increased
rapidly, from 64 to 96 kilometre per hour and even 128 kilometre per hour in

some countries (Yang, 1972). As a resuit of this, many engineers began to



realize the inadequacy of pavement design methods of those days and as
such intensified research(as) into different methods of pavement design

An example of such research is the American Association of States
Highway and Ti'EIﬂE;Ii.JI‘tEﬂDrT Officials (AASHTO) road test underiaken
cooperatively by 49 of the states in the U.S.A, the District of Columbia,
Puerto Rico, the Bureau of Public Roads and various industry groups.

AASHTO operating committee on design released recommendations for
design methods for both flexible and rigid pavements in 1961, In 1872, a
revised interim design guide was published wl':lic:h became what is now
popularly known as AASHTO design guide. (Aderinola, 1998).

Roadway Pavement

According to Salter {1978), a roadway pavement is a structure consisting of
super-imposed layers of selected and processed matenals whose primary
function is to distribute the applied vehicle loads to the subgrade. There are
two types of roadway pavements. These are:

{a) Flexible pavement;

(b)  Rigid pavement.

a. Flexible Pavemeant: This consists of seveéral courses of treated

and/or untreated mineral materials placed upon the subgrade or
prepared earthworks foundation. The quality (and therefore the cost)
of the materals involved will usually increase with each successive
course from the subgrade, These courses are basically:

(i} Subgrade; {ii) Sub-base



(il Base; and (i) Surfacing

Subgrade - This is the natural material lying under the grade
line material often referred to as E.i...lhgl‘ﬂde s0il, base sail or
foundation soil.  The strength nllthe subgrade is a major
factor in determining the thickness of the pavement and this is
assessed on the California Bearing Ratic (CEBR) scale, The
top 15cm of the subgrade is sometimes improved by
compaction or chemical stabilization.

Subbase Course - It consists of an. imported material of high
quality than the subgrade, but the term "sub-base” usually
indicates that it does not meet the quality requirement for a
base course material, Itis used in the pavement structure for
reasons of economy as in the case of locally available
granular maternals. Sub-base materials may or may nol be
treated with additives.

Base Course - ltis placed directly on the prepared subgrade
or upon the completed subbase if such a course is included in
the pavement structure. Base course malerials are
comprised of naturally occuring mineral aggregates of a
supernor qualty to those used in sub-base. Also, the
materials may or may not be treated with additives. In recent
years, the use of bituminous treated base course maternial has

been gaining favour because of its economy binding and



{b)

water-proofing qualities which improve the base-course
durability (Beaty and Westall, 1871).

Surfacing or Surface Course - This is the riding surface of a

roadway pavement. It is placad on the binder course in case
of asphalt concrate pavements. TI‘_IE: surfacing matenals are
to provide the followings:-
4 a smooth quiet-riding .surfac'.e;
p:f a surface which is cohesive and durable to
resist the wearing stresses imposed by traffic;
3. a surface with a high co-efficient of friction
between the surface and the vehicle tyres so

that adequate skid resistance is achieved,

4, a layer of material which is relatively impervious
to infiltration of water and air thus preventing
accelerated ageing of the bituminous binder
material (Yang, 1972).

Rigid Pavement: A rigid or concrete pavement consists of a

concrete slab laid on a sub-base or base material and all rests
on the subgrade. A major pﬂﬂi;iiﬂ of the load-carrying
capacity of rigid pavement is deriveéd from the slab itself. This
is often called or referred to as beam action. Stresses in this

type of pavement result from wheel loads cyclic changes in



1.2

1.3

temperature (warping and shrinkage or expansion), changes
in moisture, and volumetnc changes in the subgrade or base
course (Yoder, 1959).

PAVEMENT DESIGN

FPavement design is a procedure that aims al providing a pavement
structure that will serve traffic safely, conveniently and economically during
the design life of the pavement (Gichaga and Parker, 1988). The
parameters considered in the design of pavement are primarily the traffic
loading, climate or environment, matenal characteristics, design period,
cost, construction and maintenance. All these could also be called the
elements of thickness design.

LATERITES AND STABILIZED LATERITIES

1.3.1 Laterites

Laterites constitute important matenals for engineering uses.

According to Evans (1910), a relatively large proportion of the world
espacially the tropical zone is covered with lateritic soils. Laterites
are highly ferroginous deposits which were first discovered by
Buchanan in Malabar dunng his journey through countrnies of Mysore,
Canara and Malabar in 1800, There have been many definition of
laterites but mast of them have been based on the silica content.

The most prominent definition is that by Marting and Doyne (1930},
who based their definitions on the silica - alumina ratio. According to

them, true laterites are earth materials which have silica - alumina



1.4

.32

{a)

(e)

ratio {S:02/41:03) less than 1,33 and those with values between 1.33
to 2.0 were classified as latentic soils while those with values above
2.0 were called non-lateritic soils.

Stabilized Laterites

Stabilized |aterites are lateritic soils that héd been subjected to every
physical, physico-chemical and chemical methods to enable them
serve better their intended engineering purposes (George, et al,
1992). They are lateritic soils whose properties had been improved
in order to use them as roadway bases, sub-bases and occasionally,
surface courses in highway engineering.

Stabilization reduces the senstivity of latentic soils to moisture
c:hlanges and subsequent loss of strength.. Mechanical stabilization
improves the soils grading, wusually by adding materials
cormesponding to the depleted grain-sizes .in the original soll
Chemical stabilization of the soils (e.g. cement or lime) promotes a
chemically induced increase in strength, Lime is sometimes used to
reduce plasticity and to stabilize highly plastic soil before adding
cement (Sherwood, 1968).

OBJECTIVES

The objectives of this project are:-

To review the subject matter of civil engineering systems analysis as
a tool tor designs in any aspect of civil Englﬁeering.

To review the subject matter of pavement design.



1.3

(C) To evolve a procedure for pavement design that optimizes materials

usage and is customized to the local environment in Nigerna.

JUSTIFICATION

The cost of roads and pavements vary from year to year, from place to
place and from job to job depending upon availability of materials, wage
scales el. cetera (Babcock and Beone, 1962). As a result of global economic
recession, and thus economic recovery programmes (for example,
Structural Adjustment Programmes (SAP) aaﬂpted by some Afncan
countries, the cost of road construction or rehabilitation has become
prohibitive. For this reasons, some of these countries had initiated
researches into what could reduce this cost through design or construction
of the roads. Ogweno-Bonyo (1997) reported a chemical solution, con Aid,
being used in Uganda for road construction to minimize maintenance cost
and to increase life-span of roads. Lamers (1984) suggested a thick
brtuminous coating of Gom during construction and a further coating of 2 -
Jem after 15 years to prolong the life of the pavement. Ajayi (1960)
suggestad a Vehicle Damage Factor (VDF) of 4.5 for the design of Nigerian
roads to forestall early failure of the roads.

To accomplish the aim of good and durable roadway pavements, the two
approaches to pavement design - theoretical analysis approach and
experimental field approach should be combined in a theoretical form so
that the design and evaluation of a pavement s.tm;:ture for a new road can

be done by direct computations without the necessity of carrying out full-



scale tests for each new need. It is in view of this, a sensible order in which
this could be done using stabilized lateritic soil is E-eing sought. Ahlvin, et al
(1874) tned the combination and got a gclﬂc:f correlation between the
observed performance of numerous full-scale accelerated traffic test
pavements for a new airport and the maximum shearing strains computed

for these pavements.



2.1

2.2

CHAPTER TWO
LITERATURE REVIEW

ROADWAY STRUCTURE

According to Haas and Hudson (1979), pavement is the "upper portion of
the roadway, airport or parking lot structure” and includes all the layers
resting on the subgrade. The pavement in addition, is considered to have a
bound surface and includes "the load carrying capacity of the subgrade”
Salter (1979), defined roadway pavement as a structure consisting of super-
imposed layers of selected and processed materials whose primary function
is to distribute the applied vehicle loads to the subgrade. The two types of
pavements had been discussed in Chapter One.

PAVEMENT DESIGN METHODS

The primary objective of highway pavement design is to provide an
acceptable roadway structure that can withstand deteriorating effects of
traffic and environment for the service life of the facility, In addition, the
pavement structure must adequately serve the demands of the road users
at an acceptable level of performance. A properly designed, construcied
and maintained pavement is a major factor .in providing economical,
efficient, safe, convenient and comfortable highway travel (Hejal &t al,
1971).

In the present engirieering practice in the design of pavement, the

commonly used methods can be divided into two groups:-



the theroretical analysis approach,
- the experimental field approach,

Much efforts has been made in both approaches, and in general, there is
poor correlation between them. Theoretical WDﬂFE such as elastic layered
systems and the finite-element methods of analysis, are designed lo
compute the stress, strain, and displacement in t-he pavement structure but
are not capable of evaluating the performance of the pavement such as
cracking, distortion, etc. that are of vital interest to the pavement design
engineers. On the other hand, experimental full-scale test section approach
produces reliable performance data, and such test sections are both
expensive and time consuming, and provide only minimal amount of basic
test data. There had been some attempts to cambine the theory and field
performance in a theoretical form so that the design and evaluation of a
pavement structure for a new rcad can be accomplished by direct
computations without the necessity of conducting full-scale tests for each
new nesd

Ahbvin, et al {1974) altempied the combination arid gol a good correlation
between the observed performance of numerous full-scale accelerated
traffic test pavements for a new airport and the maximum shearing strains

computed for these pavements.

2.2.1 Theoretical Analysis Approach:



2211

According to Gichaga and Parker (1988), ma'uretic:al pavement design
involves the assumption of a pavement structure system. The strength
characteristics (in terms of the modulus and poissons ratio) for each layer
may be established or can be established. Traffic loading is then
introduced and structural analysis carried out to determine the stresses and
strains at cntical points in the structure. The values of stresses and strains
obtained from the analysis are compared with maximum allowable values,
to determine whether the design is safisfactory, and if it is not, another
system is tried (Gichaga and Parker, 1988) |

In essence, theoretical or analytical design should involve the following
steps:-

- development of mathematical model to represent pavement
behaviour,

: selection of appropriate solution technigques to the equations
developed above and thus the computation of stresses,
strains and deformation at cﬁﬁ-cail points in the pavement
structure,

- material characterisation for the wvarous layers of the
pavement structure for a given environment,

- establishing design criteria such as in terms of allowable
stresses or strains in cerlain critical points in the structure;

Mathematical Model - The mathematical models are the tools by

11



which engineers apply scientific principles to the solution of

enginesning problems even without the benefit of past experience

(Yang, 1972). A mathematical model consists of three submodels:-

I the equilibnum of the pavement sys'.tem under the mfluence of
external loads:

ii. for a given support condition, an evaluation of the
deformations and stresses in the pavement element;

iil, a characterization of the fundamental properties of pavement
matenals and ther effect on the equilibrium and stability of the
pavement structure.

The early development of mathematical models for pavement

structures was confined primarily to the selscﬂnd submodel, In 1884,

Herlz proposed a mathematical method for analysing an elastic slab.

Westergaard (1926), simplified the mathematical manipulation for

application to practical design problems.  Pickett-Ray (1851)

introduced the use of influence charts and thus reduced the design

computalion to almost nothing. The Westergaard theory and the
influence charts became a synonym of the pavement mathematical
model for several decades (Yang, 1972). :

The lack of the pavement system equilibrium was brought up by

Burmister (1945). He did not emphasize the early work by

Boussinesq (1885) in solving the equations by polynomials but

12



(a)

(b)

plunged into the development of more refined solutions. But until the

publication of the extensive listings of tabulated co efficients by
~Jones (1962), no significant appreciation of the application of the

layered theories was developed by engineers .

The use of the |layered systems alone is not sufficient to solve

pavement problems. It must be supp!eméme-d with the second and

third mathematical models in analysing the conditions in pavement

components. The subject of mathematical models is divided into two

parts:- |
a. the equilibrium of the system, and
b. the displacement and stress in the system components.

Equilibrium of the System: There are two kinds of external forces which

may act on bodies. They are surface forces such as hydrostatic pressure
and body forces such as gravitational forces, magnetic forces, etc. [n
studying the equilibrium of bodies under a stelnh'c lcading condition, the
surface forces are considered and resolved into stress components paraliel
to the co-ordinate axes.

Displacement and stress in the system
To compute the displacements and stresses in a pavement structure

under lcads. The commeonly used methods are:

. Boussinesq's homogeneous linear elastic theory
2, Burmister's linear and non-linear elastic layered theory and
3. The non — Linear finite — element method

13



The first and second methods have been widely.used because of their
simplicity. The third method incorporated with non linear soil
characterizations is most promising for solving pa;uement problems
provided that tl_1E: true stress - strain relation of the matenals in each layer
is known (Ahlvin et al 1974)

The assumptions behind Bo ssinesq elastic theory are:
(i) Material is semi-infinite in extent

i} Material is isotropic

f.iii] It is homogeneous

(v} Itis elastic and obeys Hookes' law

Bousinesq equations are theoretically sound for one — layer system — a
semi — infinite mass having a distributed load on the boundary surface
(Michelow, 1963)

Burninisten {1845) developed solutions for specific two and three layered

systems and in doing this assumed the following:

(i} Each layer is composed of material which are isotropic,
homogeneous and weightless. ;i

(i1} The system acls as a composite system. That is there is a
continuity of stress and for displacements across the interfaces
depending upan the assumptions made regarding the interface
conditions and

(i}~ Most salutions assume materials that are linearly elastic.

The use of finite element method in layered system offers certain
advantages such as statical checks on the results, ease of treating

Tk



variations in dimensions and physical properties and non-ambiguity

in the boundary condition (Newmark, 1949)

222 Expenmental Field Approach
There are probably more than twenty methods which have been
developed in this approach. These methods are developed by
professioner groups based on their years of experience in design and
construction. Some of the methods are california method california
Bearing Ration (CER) method, American Association of State Highway
and Transportation official{ AASHTO) method, shell method et cetera.
Some of these methods are semi — empirical while some are entirely
emirical. They are one part of the attempts in finding lasting solutions to

the problem of pavement design.

2221 Improvement on Elastic Layer Theory
Aside from the pioneering efforts of Boussinesqg '{1955} Burmister (1845),
and others, many researchers have improved on the elastic layer theory,
appreciably. Some of the researchers are: Peatie and ullidtz (1882) Smith
— Witczak (1981), and Hadle*y et al (1973).

Peatie and Ullidtze (1982) simplified theory, for multilayered strass -
strain analysis was developed for the computation of tensile and <o -

prase iV  strains within the pavement. The relevant equations are:
-
== E{1-[1+{£@“}“ﬁ} Ghiepnsanssess B0

ez = Ta(1+u) { ::."ai'r (1-24)  _Zzfa -1
(1+Ha) e - [:1@)‘;&5]._..__....___.._...___.__..____. (2.02)
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et= 1 '-r_'l-_| '[U: T EE::"J
E 2. (2.03)
where
g = Vertical stress at depth z due to wheel load:
G = Actual wheel load:
= = Compressive vertical strain :
= = Tensile tangential strain ; :
H = FPoisson's ratio; * \ 1_‘.
E =  Modulus of elasticity: \ -

a = Tyre contact radius;

z = Depth of pavement layer.
Smith — witczak (1981) proposed an analytical model for the prediction of single
valued Equivalent Base moduli in the horizontal and vertical directions for elastic
layered system. These models incorporate the der'nre;t material characterization
for various pavement component sizes. Some of the equation are as follows
Log Eet = 1.079 = 0.511 log hy — 0.008 log hz— 0.155 log E¢ + 0.279 log E3
FTCEEE T I ooy i R i (2.04)
Log Eey = 0.959 — 0.430 log hy — 0.073 log hz — 0.122 log E¢ + 0.294 log E3

LR 0 K s s ; (2.05)
Where

Eq = equivalent base moduli in hornizontal direction (psi)



Eev = equivalent base moduli in vertical direction (psi)
hy, hz = Layer thickness for surface and base respectively.
Ei & Es = Modulus of elasticity of surface and subgrade
K1 = Intercept regression constant from the modulus test plot.
Hadley et al (1873) interative solutions layered theory was also developed to
calculate stresses and strains in a pavement. Some of the relevant
equations are;
For tensile stress in battom of layer
Logio Oz x 107 = [1,333.84 + 46.868 ( Ez2 — 5.5) — 23.774 (hy — 7.5)
-3.361(E2 — 5.5) (h2 — 7.5) — 11.008 (Ez — 5.5)°
+1.6306(E2-5.5)"+4.3026( hi-7.5){hz-7.5)-39.310(E+-5.0)
-21.572(E«-8.0)+1.7254(E+-8.0)° -B0.872(h:-7.5)
+4.0607(E2-5.5)(hy-7.5)+3.4019(h+-7.5)"] ......_.... (2.06)
For tensile strain in bottom of base layer
Logi 2% 107 = 02[1,412.12 — 34516 { E2 — 5.5) - 19.891 (ha — 7.5)
-3.677(Ez — 5.5) (ha = 7.5) + 2.0850 (E2— 5.5)°
+3.9519(h1-7.5) (h2-7.5) - 37.103(E+-5.0)
-21.293(E4-8.0)+1.7920(E+-8.0)°
-76.218(h:-7.5) + 3.9517 (Ex-5.5)(h:-7.5)
i T | (2.07)
where

E., E:... Es are as defined earlier

17



h1.hz..... are as defined earlier
=z and 0z are the strains and stress of the pavement respectively
There is also the BISAR programme equation to calculate the value of

young modulus as defined by elastic theory. The important equations are:

¥

L=0c[1-_ 1 oo e (2.08)
(1+(alz)*)™*

=g [1+2u) - 2{1+2 1 RSP . | |
3 s ;

[(1+{aiz)") (1+(alz) )™
si=1 PR O ORY i svarnsiss s s S R (2.10)
E:E'E” [0 = LT+ O3] e (2211)
Ez:l" o T e e e e RSP RELPIRRIR ) (ke by -
Whelfe
s = as earlier defined
Oz, On = vertical and honzontal stresses respectively
E, 2t &z = as earlier defined
ap z = as earlier defined
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2.3

LATERITIC SOILS AS ROAD PAVEMENT CONSTRUCTION MATERIALS

2.3.1 Lateritic Soil: According to Alexander and Cady (1962), lateritic soil

15 a highly weathered material nch in secondary oxides of iron,
aluminium or both and it is nearly of bases and primary silicates, but
may contain large amounts of quartz and kaolinites. Vallerga et al,
(1969) defined latentic scil as a hardened material formed by the
process of primary weathering of residual soils where sesquioxides
are present in the material or through the secondary enrichment and
cementation of transported or residual soils,

Gidigasu (1976) identified five profiles of lateritic soil formation in
which the three main horizons are described as ‘laterite zone' - the
upper horizon where laterization is usually at its peak and
concretionary pieces abound, soil matric is clayey, of stff to hard
consistency and texture generally granular, The next horzon is
called ‘'mottied zone' where laterization ig less than in the previous
zang and its soil types are generally very 'sitty. or clayey. The third
horizon called “pallid zone' is the lowest section of the completely
weathered rock segment. This zone is predominantly silty and very
often contains degraded mica flakes. The latter two honzons are
collectively réft—:-rred to as ‘saprolites’. (Ajayi, 1960). Figure 2.1

shows the typical lateritic soil profile.
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2.32

Lateritic soil constitutes an important matenal for engineering uses and a
relatively large proportion of the world especially the ftropical zone is
covered with laterite (Giuseppe, 1969). Motir and Machar (1969) described
lateritic soil as the end product of weathering produced from the chemical

decompasiton of rocks under tropical conditions. Levinson (1974) gave

some favourable condiions for the formation of laterbic soil as high

temperature, strongly oxidizing environment, long duration of weathering, a
chemically unstable rock, high seasonal rainfall and intense leaching.

specifications for Latentic Soil for Road Bases in ‘I;mg'n;al Countries:

Townsend, et al (1971) carried out a remarkable analysis and comparison
of material specifications for roads in use in fourteen African Countries -
Migeria, Angola, Cameroon, Ghana, Ethiopia, Gabon, Gambia, Ivory Coast,
Kenya, Mal, Malawi, Senegal, Uganda and Zambia. They concluded that
many failures of pavements have resulted from the indiscriminate use of
latertes through the E;dﬂpﬂﬂn of specifications and classification systems
developed for temperate climate area soil proper-ties. In particular, they
argued that both AASHO and LS. Corps of Engineers specifications for
pavements are overly stringent and tnapp!t—cab!e to latente materials

Similar views were expressed by Mitchell and Sit.ar (1982) and the *UNDP

sponsored work of Messrs Scott Wilson Kirkpatrick and Partners of 1970/71
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on Northern area roads

Table 2.1 shows the recommended specification for selection of base
course maternals { Townsend, et al 1971).

Clare (1960), described Central Afncan laterites as comprising nodules,
nearly all about 10mm in diameter. Stewart (1970) found Malaysian
laterites to be composed of gravel between 2mm and 25mm in size.
Dowling (1966) published grading distributions for high-level and footslope
laterites from Migeria. From the study of these pecple, Charman (1975)
recommended materials selection criteria for lateritic sub-bases and
roadbases under thin bituminous surfacings in the tropics. This is shown in
Table 2.2,

SOIL STABILIZATION

Capper and Cassee (1976) defined soil stabilization as any process which
increases or maintains the natural strength of the soil. It includes
compaction, drainage and the stabilization of banks by sowing of grass and
planting of trees. More usually, the term is restricted to the improvement of
soil properties by treatment with addibves. (Capper and Cassie, 19786).

Jackson (1983) described soil stabilization as a term used for the

impravement of soils either as they exist in situ or when laid .

*UNDP - United Nations Development Project
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Road Classification

Class | Class 11 Class [11 Current FMW
Criteria (Heavy Traffic) (Medivm Traffic) (Low Traffic) Specification
Design CBR B0 or 100 60 or 70 (Min) 50 {Min} 80 {Mdlin)
[Min} 30 {Sub-base)
(LL} x {Fines % ail (Max) Q00 (Max) L2250 {Max) 1050 (Max)
Passing 0.075mm) 125 - 375
{for Gravel Basc)
Licpuded Limie {LL} M oor 45 (Max) | 40 (Max) M {Max)
Plasticity Index (PI} | 10 or 15 (Max) | 12 (Max) - 12 (Max}
{PI) x (Fines % 350 (Max) 350 - 400 (Max) 500 (Max) 420 (Max)
Passing 0.073mm} W = 300
{for Gravel Base)
Los Angeles 65 (Max} 685 [(Max)
Abrasion
Source: Towmisend el al, {1971)
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Table 2.2:

Recommended Materinl Selection

Use Road-Base Sub-Base
Type of Road binor Major Rural and Urban All
Traffic (x10* esa) < 0.3 3.3-1 1-3 < 3
Grading Grading Modulus

£ L5 (L)

Plasticity Index (%]
Moist, wel iripical * 12 1o * 6 ]
Seasonal ropical * 13 > §2 10 } *25
Semi arid & anid * 10 I5 > 12 |
Plasticity Modul
Moisi, wet tropical * 300 * 200 * 150 ¥ 500
Seasonal tropical * 400 * 150 > 100 3 750
Semi arid & arid 500 * 350 * 250 * 1250
CBR (%) £ 45(3) £ 65(4) < B0i4) < 2503
Drurability ;
Los Angeles Abrasion * 65 > 50 n.s
value (%)
10% fines value 1.5 € 50 n.s

{saturated) (KM}

m.s = ol specified
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Stabilization is often achieved by injecting a fluid into the pore spaces in soil
or by introducing admixtures to the soil (Ingles and Metcalf, 1973).

Many matenals have been used as additives to stabilize soils, including
chlorines, lignins, molasses and several of the synthetic resins. However,
the only matenals now used on a large scale are cement, lime and bitumen
{Scotlt, 1974).

Cement Stabilization: This term is applied to various materials in
which natural soil washed or processed granular materials, or waste
products such as slag or fuel ash, are improved by the admixture of a small
proportion of portland cement, generally not mare than 10 or 15% (Kezd;,
1978). Most soils including trapical soils and latertes can be stabilized with
cement. The additon of cement develops a higher shearing strength and a
greater resistance 1o ingress of water. The high average temperature of the
tropics are advantageous for the stabilization of laterite soils with cement,
because strength gains are faster (De Graft-Johnson and Bhatia, 1969).
Meanwhile, high temperature and delay in compacting cement stabilized
soil can cause problems. According to West [.1959}. a 2-hour delay in

compaction of cement stabilized soil reduced the strength by half,
Lime Stabilization: Hydrated lime has been widely and successfully used

as stabilizing agent for fine-grained plastic scils. When lime is added to a

fine-grained scil, several reactions such as cation exchange and
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flocculation-agglomeration occur. A lime-soil pozzolanic reaction may ocour
resulting in the formation of various types of hydrated calcium silicate and
aluminium cement agent. The pozzolanic reaction is ime and temperature
dependent and the reaction may continue for several years (Thompson,
18972). Woods and Yoder (1952) suggest two stages for lime stabilization of
soil.  First is the aflteration in the film of water which surrounds the clay
minerals accompanied by a flocculation of clay particles which would end in
making the clay soil less plastic. The second stage is a chemical reaction
from which a cementious bond develops.

Improvements in soil workability, water resistance and reduction in swell
properties, plasticity, shear strength, CBR and stiffiness are effected by the
cation exchange and flocculation-agglomeration reactions and the strength,
stiffness and durability properties are further improved as a result of the
cementing material formead in the lime-soil pozzolanic reaction. (Molenaar,
1993},

Bitumen Stabilization: Bituminous stabilization is of most value in
granular soils. The technique employed vanes with the prevailing climatic
conditions, the choice of major methods depending on how rapidly the
prepared soil dries out. The main object of the method is to coat individual
grains with bitumen and to ensure that the s.tabiliz'er used - emulsion, a cut-
back bitumen or a cut-back bitumen mixed with wax or a wetting agent are

well incorporated to provide cohesion and waterproofing especially in sandy
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soil (Capper and Cassie, 1976).

The types of soil generally treated in this way are clean sands or sands
containing a small amount of cohesive materials. The bitumen seals the
pores of the soil reducing the permeability and may also increase the shear
strength considerably by binding the soll particles together (Scott, 1974)

Slabilized Lateritic Soil: Stabilization reduces the sensitivity of latertic

soils to moisutre changes and subsequent loss of strength (Sherweod,
1968). According to George, et al (1982), stabilized lateritic soil is that
lateritic soil that had been subjected to every physical, physico-chemical
and chemical method to enable them serve better their intended
engineering purposes. It is the lateritic soil whose properties had been
improved in order to use it as roadway bases, sub-bases and occasionally
surface courses in highway engineering (Atkin, 1980),

Specificabions for Stabilized Natural Gravels:  Specifications  for  soll

stabilization with cement and lime give ranges of soil properies which are
appropriate for material selection. Mixtures of the soil with vaned amounts
of stabilizer are subsequently tested to check strength or durability critena,
Table 2.3 shows the specifications for stahilized natural gravels. British and
French guidelines and also Bulman (1972) Stabilization Practice in 11

African Countries are used as reference.
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Tabla 2.3:

Specifications for Stabilized Natural Gravels

28

Spacilication Sowce THRAL (UK] CEBTF (Franca)
and Refaremnce {1977 [Yaa0)
Tratfec Catagory T3=Th T1-T2 T3-TE
Accumulated Traffic n.s =10 =10 =10
18105 psa)
Soil Stabilized Subbase Latweric Hoad base Gravel Foad base
witth Graval Treajed Imgroemd with Graoved Stabilized
Twpe of Mateesal with with Camesnt
Cramond Lirmm Camem Lims Carmant Lime
G
R Mo gize {mem) B .8 10-30 10-50 10-50 10-50 10 - 50
A -
O Lnifeemuly coal >5 >B .4 .8 nE fn.s =10
I
I N 0 Passing 0.426mm ns £ 16 n.§ £18 n.s £ 186 TLE
G
# Passing 0.0B0mm n.s n.s = 36 ] <36 = 36 < 36
P Plasticity bndex | %] ns =10 < 30 10-30 <25 10-26 <26
L
g
5
T Plasticity Modulys m.& ne < < < L Pl in Plawivl
I 2600 2500 2000 2000 Place Mix
£ = 1500
| = 700
:r Orgarss Contant | %) [ K] .8 <15 <1.5 M n.s n.s
C | CBA after 3 days in air | <1040 ni =104 =60 > 160 =160 | ns
B & & daya soakng [56)
A
T
E CBER after 28 daya in [ 1.7 =10 .= g s ne
5 Curing i air [%} Q
T
|
] Aeguaired Compaction: F
a *ethod B.5 1924 B.5 1377
*Dry Danaiy | Smiil Tast 13 Taat 13
" Maorstera Contant [T
Dptimuam
5 L nifinacl
T Compressiva Strength
R ¥ days curing in air n.s 1.8 3.0
E | iNimen’}
M
G Uz mnilinad
T Comgrasaura Stangth L£1.7 121 £ 0.5
H 3 days in air 4 days
spaking (Mimm|




2.5 Effects of Temperature and Moisture on Pavement System

251 General Temperature and moisture are the two most popular
environmental factors which could cause the distress and failure of
pavements without the application of wheel load Cracks and
disintegrations may occur outside the traffic wheel path on
pavements (Yang, 1972). The general mechanism by which the
environment influences pavement behaviour and performance are:-

{i) the effect on engineering properties of component materials,

such as strength and tractive resistance;

{ii) the effect on the integrity of materials, such as durability and
physico-chemical disintegration,

{ii)  the effect on volumetric change and the resulting internal
stress equilibrium in the pavement system.
Thompson (1970) has prepared a comprehensive report on
this subject,

2.0.2 5tress Induced by Temperature: If a linear thermal expansion exists for a

given pavement material (by implication, this assumption does not apply
to asphaltic materal), the unit linear expansion s Et and the unit
volumetne expansion 1s approximately 3 Et. If the stress-strain property of
the material is linearly elastic, the direct axial stress as a result of thermal
expansion Is given by

where = ELE | (2.12}

E = thermal stresses
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E = modulus of elasticity of pavement material

t = temperature of the pavemant

The thermal stress in a pavement is practically governed by the elastic
modulus of the pavement materials (Yang, 1972). The higher the
modulus of elasticity, the more pronounced the thermal stress will be.

Tha change of temperature with depth known as the thermal gradient and

expressed by (Al will result in warping of the pavement.

The radius of curvature (R) of the warping and the resulting internal

moment M in the pavement components are:-

b, el
R = B A S (2.13)
and M = El
S (2.14)

For a homogenous pavement component, the bending stress () is given
by

Oy =12=EhiM .

Where

h = pavement thicknass,

The total temperature stresses consist of the bending stress and the
direct axial stress - equations (2.12) and (2.15) respectively. The

combined thermal stress becomes

h = cE(te+1hit)
FRT i (2.16)
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E = modulus of elasticity of pavement material

t = temperature of the pavement

The thermal stress in a pavement is practically governed by the elastic
modulus of the pavement materials (Yang, 1972). The higher the
modulus of elasticity, the more pronounced the thermal stress will be

The change of temperature with depth known as the thermal gradient and

expressed by (At) will resull in warping of the pavement.

The radius of curvature (R) of the warping and the resulting internal

maomeant M in the pavemeant components are:-

a_l

i
R = T {2.13)
M

and

[}
e ] (L

(2.14)

For a homogenous pavement component, the bending stress () is given
by

0y = 112=Ehit

Where

h = pavement thickness

The lotal temperature stresses consist of the bending stress and the
direct axial stress . equations (2.12) and (2]15) respectively. The

combined thermal stress hecomes

O = cEitu+1hgAt)
P O [2.16)
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in

wherns

tv = temperature range at the bottom of a pavement.

If a linear thermal gradient exists in the pavement system. the zero
temperature vatiation is encountered at a depth (d) below the surface, and
the above equation (equation 2.18) can be rewritten for the maximum
combined stress as:

i = -E(d - h) At A R T S N SRS {(2.17)
2AZ

For d=h

The effect of temperature variation on the bending stress of pavement
components is usually not as significant as the effect of wheel load.
According to George, et al (1992), the strength of a lime-soil is little
affected at temperatures 20°C and 35°C and only had significant
irnpr::wem:ent at 50°C. The most senous combination of wheel load and
thermal stress is encountered during the winter months or cold nights,
when the surface termperature is far cooler than the base of the
pavemeant (Yang, 1972).

Moisture Movemenl in Soil: Muoisture held above the water table is

retained by surface tension at the point of contar.-:l: of the particles or in the
soil pores and capillaries, The water held above the water table will be in
equilibrium when the upward component of th:Ia surface tension force is
equal to the gravitational force acting on the suspended water. The height

to which the water will rise in the capillary tube is related mainly to the
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surface tension and the radius of the meniscus given by:

H = 2T
Aarg TP TR P AU DTSR (L, ek 1. 1

where
T = surface tension per unit length of boundary -

r = radius of tube or meniscus

density of water

(;D
H

height of capillary rise
In a soil mass, the moisture content is based on the equilibrium of soil suction
Muoisture may migrate from areas of low moisture content, such as sand layers,
to areas of higher moisutre content, such as clay and silt layers. The distribution
of moisutre is erratic and random, and there is no moisture gradient responsible
for moisutre movement. Meanwhile, the temperature gradient in a soil can also
affect the migration of moisture in addition to the soil suction,
The supporting capacity of any pavement material is governed by the relation -
S = C+(p-u)tan® SO 1% | )
Where
S = shearing strength of pavement materials
C = cohesive bond
P = normal pressure
U = excessive pore water pressure
@= internal frictional angle
An excessive increase of moisture in the pavement will greatly reduce the

bearing capacity of the pavement and would consequently increase its
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deflection (Yang, 1972).

FLEXIBLE PAVEMENT DESIGN

2.6.1

2.6.2

General: According o Ahlvin  {1962), pavement design
objeclive is to provide acceptable pavement structure that can
withstand the deteriorabing effects of traffic and environment for the
service life of the facility. Hejal et al (1971), described a properly
designed, constructed and maintained pavement as a major factor
In providing economical, efficient, safe, c'.::n_:rwﬂn'rent and comfortable
highway travel. To achieve the objectives stated above, different
parameters are considered in pavement design.
Pavement Design Variables: The parameters considered in
the design of flexible pavement are traffic loading, chmate or
emnvironment, materal characteristics, design period, cost of
construction and maintenance (Wright and Paguette, 1987) All
these could also be called elements of thickness design.
The thickness design of pavements requires a large number of
complex factors to be considered. The factors are:-
According te Yoder and Witczak (T976), all pavement design
procedures can be grouped into two basic approaches. The
first approach is based on a fixed traffic level for failure
inherent, but not obvious. This procedure uses a
refationship established between pavement thickness and a

single-wheel load for various subgrade support values. The
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second approach relies on a fixed standard vehicle type and
it expresses pavement thickness as a function of number of
repetitions to failure of the standard vehicle for various
subgrade supports
For the procedure in the first approach, there is need to equate the design
multiple-wheel gear into an equivalent single-wheel load (ESWL). Normally, the
critical or "design” wvehicle is used in this approach. The standard vehicle
approach involves the determination of the equivalent damage effects of all
vhicle types in the mix expressed n terms of the number of repetition of the
slandard vehicle. The factors that relate the relative ..:»lmnuni of damage of a
particular vehicle to that caused by the standard vehicle are denoted as
equivalent wheel load factors (EWLF),
In general, pavement design objectives attempt -
1 the development of design strategy of material economy, safety and
serviceability in recognition of the vanational nature of design faclors,
2 the maximization of the accuracy of prediction of serviceability, safety and
physical deterioration of alternatives being considered.
3 the minimization of cost of materials - cost and benefit analysis;
4 the maximum use of local matenals and labour in design strategies;

the minimization of cost of design - studies and material testing, etc.

th

(5] the consideration of design alternatives;
All the above (points 1 1o 6) are considered within the design constraints of funds

availlable, time available, minimum level of performance before rehabilitation,

3



materials available, minimum or maximum layer thickness, minimum time

between overlays, material testing capabilities, capability of the design model

available,

quality, extent and type of information available (Adeyeri, 1996).

27 CIVIL ENGINEERING SYSTEMS ANALYSIS
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2.7:2

General: According to Templeman (1982), civil engineering
systems analysis studies the practice of civil engineering as a
creative, decision-making process for which a systematic approach
and a knowlege of some efficient decision-making methods are
invaluable. It provides a legical, comprehensive framework for the
study of civil engineering decision-making. Ramo (1968) descnbed
civil engineering systems as an intellectual discipline for mobilizing
science and technology to attack complex, large-scale problems in
an objective, logical, complete and thoroughly professional way. In
attempting to solve engineering problems, civil engineering
systems analysis considers the problems or project under system,
system design and optimization.

System: A system may be considered to be an ordered
assembly of interconnected elements that transforms, in a given
time reference, certain measurable inputs into measurable outpuls
(Ossenbruggen, 1994). It is an assembly of methods, procedures
or techniques united by regulated interaction to form an organised

whaole.
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2.7.3

2.7.4

2.7.5

System Design: A system design of a project comprises of a
rational and crderly series of steps that lead to the best decision for
a given set of conditions (Meritt, 1976).

Optimization: According to Rao (1979), optimization is the act of
obtaining the best result under given circumstances, It is the

process of finding the conditions thal give the maximum or

_minimum value of a function. The optimum seeking methods are

also known as mathematical programming techniques and are
generally studied as a part of operations research The
mathematical pregramming techniques are useful in finding the
minimum of several variables under a prescribed set of constraints
(Rao, 1979)

Lingar programming, non-linear  programming,  dynamics
programming, geometric, quadratic and integer programming are
some of the methods used in mathematical programming
technigques. In this project, linear programming will be considered
and will thus be emphasized.

Linear Frﬂgramming: Rao (1979) deﬁnes linear programming

as an optimization method applicable for the solution of problems
in which the objective function and the constraints appear as linear
functions of the decision variables. The constraint equations in a
linear pregramming problem may be in the form of equalities or

inequalities.
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The standard form of linear programming can be expressed as -

Minimize (X, Xz...%a) = G, % + CaXa+.. .CpXp ... (2.20)

Subject to the constraints

A1y, X1+, X+, 810X = by AT LV 3 e B
zi, A1 +32z2, X2+, . B2nkn = bz SR {Z:15)
8m1. X1+ 8mz. X2t . BmnXn = Dn R P2
s Napen Ml B) o e (2.24)
where
cj, b and a;= known constants
X = decision variables
o= - PR m
and | = ;P - f
These equations written in compact form reduce to
n
Minimize /(X1 X2,.. %) = EC.X o, (2.25)
j =1
Subject fo the constraints
i
Ea||.:":| = b|| .~ cE.EE:I
=1
- Vil
and £
b 6 (2.27)
[=AE :

The characteristics of the linear programming problem can be
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summarised as follows:-
1. The objective function can be expressed in minimization or

maximization type;
2. All the constraints are of either equality or inequality type;
3. All the decision variables are non-negativea.
To change from minimization to maximization or vice-versa, the following
transformation would occur to the standard form:-

{a)  The maximization of a function §(X4, Xz...X,) is equivalent to

the Minimization of the negative of iha same function, that is,
£ =C1.Xs + CaXz+...CoX, is equivalent to
Maximization f = -f = -Cy, X1 - CaXo+... -CuXs
This approach is vice-versa.

(b)) In most of the engineering optimization problems, the
decision variables represent physical dimensions and hence
the variables X have to be non-negative.

(c)  If a constraint appears in the form of a "less than” type of
equality as

Ay X1+t 3uzXa b BenXatXnts < by
- Similarly, if the constraint is in the form of a "greater than” type of
inequality as
Aui X+ BkaXat.. +3kaXa > Dy
it can be converted into the equality form by subst}actmg a variable as

A1 X1+ ReeXat. +3unkn - Xnt1 = by

38



where X.+ is a non-negative vanable known as surplus variable.
In linear programming problems, there are m equations in N decision
variables., If m = n, there would be M - N redundant equations which
could be eliminated. If M = N, the constraints are inconsistent and the

equation has no solution. The case m < N corresponds 0 an

undetermined -set of linear equations which, if they have one solution,
have an infinite number of solutions.

The aim of linear programming is to find one of these solutions satisfying
equations (221 to 2.24) and yielding the minimum or maximum of the
objective function.

Arora (1989) suggested an optimum design process as shown In Figure

2.2
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Fig. 2.2:
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2.8

FLEXIBLE PAVEMENT DESIGN FRAMEWORK

281 Design Framework: Design framework for flexible pavement design

consists of a step by step approach to evaluating the elements of
the design as composed in the frar'newor'h. Essentially, the major

elements of this framework could be handled in four steps given

thus:
1. Traffic analysis;
2 Design traffic and tyre contact pressure

3. Structural analysis; and

4. Optimal pavemnent component analysis.

Traffic Analysis: In the Nigerian Highway design practice, this is
basically the determination of the antiﬂ:p;led traffic for the design
life of the pavement and it is expressed as the number of vehicles
per day exceeding 3 tonnes (30kN) loaded weight (Highway
Manual, Part 1, 1973). Lane distribution of these vehicles must be
taken into consideration for multi-lane roadways. Here, also the
traffic growth rate is considered. To estimate traffic growth rale,
use is generally made of a growth factor which is determined fram
a statistical study of the traffic data. According to Yoder and-

Witczak (1978), traffic at any time in the future is given by

(EAL)y = (EAL)o (1+1)" (365) ....coooconrarivennnn (2.282)
Lo i+ ) >
where
{EAL), = EAL at any year n
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(EAL), = initial daily EAL on the day the road is
opened to traffic

rate of traffic increase or traffic growth

..
]

rate expressed as a per cent per year.
EAL = Eqguivalent Axle Load.
Meanwhile, EAL, is given by _
EAL, = TESA (% Truck) fﬂ)

100 Trucks B widibnisincansiersien L)
Where
TESA Total Equivalent Single Axle

ADT Average Daily Traffic.

Design Traffic and Tyre Contact Pressure: According fo Otte et al
(1982), the design traffic and lyre contact pressure are dependent on
material type and could be expressed as three different numbers of load
repetitions as shown in Table 2.4, To oblain these parameters, it is
recommended that the estimated repetitions, n; of each axle load group,
including overloads be estimated for the design period. For the cement-
treated layer, the number of heavy wheel loads expected on the pavement
is the critical design parameter to control the rate and amount of crack

development.

An average tyre contact pressure of 520KPa will be assumed for

this research
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Table 2.4 Definition of Desian Traffic

Material Typea

Design Traffic

Bituminous
Cement-Treated

Total nur‘r;her of axle repetitions T, (e.g. 5x1 El“]l numbe
(e.g.5x107) of heavy wheel loads {e.g. 40KN)
preferably the full traffic spectrum

Untreated and
Subgrade

Mumber of equivalent B0KN axles (E80) (e.g. 10°)

Source: Otte et al (1982)

Structural Analysis: This is mainly the evaluation of subgrade, sub-
base, base and surfacing materals in terms of mechanical strength,
stiffness modulus and Poisson's ratio. With these evaluated parameters,
the practical combinations of materials and layer thicknesses are selected
with due consideration of the effects of environment on these materials.
By using any of the layered elastic theories or any other relevant thEﬂﬁ:EE.
the maximummdavamped stresses and strains in any of the pavement
components could be calculated and compared with the safe working
stress and strain of these components

Paetie and Ulidtz (1982) simplified theory for multi-layered stress-strain
analysis s one of the relevant equations for the computation of the tensile
and compressive strains within the pavement The equations are as

follows:

i
G;=qn:1-{1+{a}‘]=m T TP 1 L |
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ez = Oo(1+p)

where
Oz
s

E1

(1-2p)  _zfa
(1+(a) P - [{1+t(gj Ya-1].. {2.30)
=z T
i = ,1_, {,,_l-ﬂ“" {D; T EE:}} -
i | S (2.31)

Vertical stress at depth z due to wheel load;

Actual wheel load:

‘Compressive vertical strain on top of the subgrage

layer;

Tensile tangential strain at the bottom of bituminous
layer;

Poisson's ratio;

Modulus of elasticity;

Tyre contact radius;

Depth of pavement layer.

Ofte (1978) stated that the allowable tensile strain ¢ of a cement-

treated material depends on the material's strain at break b, and

the number of load repetitions, Ny. That is,
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E, = 1 -0.11leg N, S 12,32

Or
9.1 (1-8)
N, = 10 L s T {Z.33)
Where

M, = number of load repetitions

= - allowable IEHEUE strain of a cement-
t,r&at_&-:l matarial,

E, = material strain at break.

Optimal Pavement Component AnaI;rais: This is where civil
engineering system analysis is relevant. Having evaluated the desired
parameters of the pavement components, an optimal pavement
component analysis would follow which will aid the selection of the
most efficient practical combinations of materials and layer thickness of

the pavement with due consideration of all constraints.
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2.1

CHAPTER THREE

MATERIALS AND METHODS
METHODOLOGY

The methodology uses a systematic approach starting from traffic analysis
through traffic loading and pavement response to the selection of the

most efficient and cost effective pavement layout.

3.1.1 Traffic Analysis: The traffic census data collected on Akure-
Owo Expressway were analysed. The result of the analysis using
traffic growth rate calculated from ’r.hEI traffic census fluctuates
unreascnably and therefore the growth rate of 7% was adopted as
specified in Road Research Laboratory (LR.279). A fixed standard

~ wvehicle approach, in which equivalent wheel load factor (EWLF)
ralates equivalent damage effects of all vehicle types in the traffic
mix expressed in terms of the number of repetitions of the standard
vehicle, was used for the analysis. The traffic census data were
processed to give the average daily trai;ﬁc (ADT), (estimated by
taking the average of vehicles for seven consecutive days), the
percentage of passenger cars, trucks, two axle load vehicles and
trailers for 1987, that year being the most recent year and the one
having the highest traffic census data. A pavement design life of
twenty (20) years was adopted for the analysis. Using all these,

the equivalent axle load (EAL) for the future (20 years) was

astimated,



The design traffic being dependent on material type was expressed
as three different numbers of load repetitions on bituminous
materials, treated materials and untreated and subgrade materials
For the treated layer, the number of he{aw wheel lpads expected
on the pavement was made the critical design parameter to control
the amount and rate of crack development. The total number of
axla repetitions (T), irrespective of load, is the required traffic
parameter for design of thin bituminous surfacings. Traffic loading
on the untreated layers and subgrade was expressed in terms of
the number of equivalent 80 KN axle (E BE;I},
An average tyre contact pressur of 520kpa (0.52mpa) was used for
the calculations. |
3.1.2 Materials Characterization: The fundamental properties of lateritic soils,
both stabilized and unstabilized were sourced from laboratory test results
on laterite borrow pit materials conducted by Olorunfemi (1984). The
laboratory test results on laterite borrow pit materials carried out by Jimoh
{1987) were also considered. The lateritic soils were categorized under
base, sub-base and subgrade materials. The stabilization of the sub-base
materials to upgrade them, as base matenals was considered. The
additives used were cement and lime, The effects on the strength,
compaction and Afterberg Limits of the sub-base material when different
percentages of cemant and lime were added were considered,

Tha fundamental properties of bituminous and asphaltic materials such as
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modulus of elasticity (E) and Poisson's ratio ([J) were obtained from

{Singh and Akoto 1981) in Journal of American Society of Civil Engineers
(ASCE), Volume 170, No. TEG. The modulus of elasticity of the stabilized
laterite base especially that of the soil-cement was estimated from an
equation developed by Otte, (1978) relating the_ unconfined compressive
strength to the average modulus of elasticity (Ex) of cement-treated
materials. The calculation is shown in Appendi;c Il by equation 8.01. The
representative stiffness or modulus of elasticity of the subgrade was
estimated from the _ameximatE relationship suggested by Heukelom and
Kiomp (1962). The equation and the stiffness estimation are also shown
in Appendix Il equation 6.02, The Poisson's ratio adopted for the asphalt,
stabilized laterite, unstabilized latente were 0.4, 0.35 and 0.4 respectively,
Based on Mitchell (1976), the equation relating the tensile strength of a
soil-cement to its unconfined compressive strength is as stated In
Appendix Il. Using the equation, the tensile strength of the soil-cement
was estimated. For the resilient modulus of untreated and treated lateritic
soils, the equation relating the resilient modulus (Mg) of the material to the
axial deviator stress (0;), the recoverable axial strain (za), the bulk stress
(O} and the regression constants (Ky and Kz) from the logMa versus logd '
plot was considered. The logMg versus logO was plotted to evaluate the
regression constants (K, and K;) of the base material.

As for the lime stabilized lateritic soil, the factors influencing its resilient

properties were considered. The cyclic data on soil-lime and soil-cement
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3.1.3

314

3.2

obtained from Jimoh (1987) were used to plot a graph of resilient modulus

as a function of applied stress (deviator stress).

Safe Working Stresses and Strains of Pavement Materials: The safe

working tensile strains at the bottom of bituminous and asphaltic concrete

materials were considered. Also considered were the effects of mix
stiffness in bituminous material and void content in asphaltic concrete on
the strains of these materials,

For the treated materials especially the soil-cement, the allowable tensile
strains were computed using equations 6.04 and 6.05 in Appendix Il. The
safe working compressive strain at the subgrade surface was adopted to
control pavement rutting. The standard of judgement used by Dorman
and Metcalf (1965) was adopted for this study.

Environmental Eﬂ’ec:ts; The effects of the climate on the pavement
was simulated by using soaked CBR values of the sub-base and
subgrade materials especially at the optimal selection of the pavement
layer thicknesses. Some of the parametem_ used in the American
Association of State Highway and Transpurtating Officials (AASHTQ) road
test were adapted in a bid to correlate !hr;nr'; and practice. The
parameters considered were regional factor, soil support, layer co-efficient
and the servineabitity_ index. The stresses and strains induced in the
pavement by temperature were not considerad.

PRELIMINARY COMBINATION OF PAVEMENT MATERIALS,
LAYER THICKNESS, LOADING AND PAVEMENT RESPONSE
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32,1

3.2.2

Preliminary Combination of Pavement and Layer Thicknesses:

Different combinations of the treated and untreated lateritic
materials with four different layer thicknesses each of the surfacing
and stabilized base were evaluated on nrlu,la hand. And an the other
hand, four different layer thicknesses each of the surfacing and
treated sub-base were also evaluated. In each case, one |ayer
thickness of each of the sub-base and base was considered. Far
the matenal Icnmbinatiﬂn, the base course material were
considered stabilized with untreated sub-base course malerials.
Later, the sub-base course material was considered treated while

the base-course material was untreated.

Loading and Pavement Response: The load from the design
traffic and the resulting tyre contact :presaure were used fo
calculate the developed pavement stresses and strains at critical
points of the_ pavemant in t:r;:nnec:tir;n with the preliminary
combination of pavement material and layer thicknesses. The
developad values of these stresses and strains in each of the
arrangements stated above were compared with the safe working
values for the materials.

Any of these arrangements whose develqped stresses and strains
were less than the values for safe working stresses and strains of
the material were chosen as preliminary practical combination of

materials and layer thicknesses.
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The tensile stress of the soil-cement was evaluated by multiplying
the tensile strength calculated by the relationship based on Mitchell

(1976) with the'fatique strength ratio of the material obtained from

Hadley et al (1973).

As a result of the failure criteria chosen, the stresses and strains at

the following critical areas of the pavement were evaluated:

1. For no-cracking criterion, the tensile stresses and strains
occuring at the bottom of the stabilized layer and the
induced tensile strain at the bottom of asphalt layer were
ﬂunaidﬁféd;

2. For cracking criterion, the tensile strains at the bottom of the
-asphalt layer and the compressive strain at the top of the
subgrade were considerad;

In relation to the failure criteria used, ."tlhe following approaches

were used in selecting the preliminary thickness of the stabilized

bases. First, the pavement was assumed to possess slab-type
behaviour and thus the layers were assumed to be infinite in
longitudinal amli transverse directions. For this, base thickness
selection was made on the basis that the induced stresses and
strains are nol greater than the fatigue tensile strength of the
| stabilized layer, the tensile strains in I:_n_:uth the asphalt and the

stabilized layers and the vertical compressive strain at the top of
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the subgrade. Secondly, it was assumed that the lreated bases

and sub-bases will crack shortly after construction. For this two

cases were considered. These are:-

{a) cracks are closely spaced and the governing parameters
here are stated in cracking crterion in (2) above;

(b) cracks that are wide would lead to slabs becoming finite and
edge-loading was assumed instead of interior loading. In
this case, the induced stresses would be higher than those
calculated assuming an infinite slab.

A cracked stabilized layer was considered as behaving like granular
materials. Due to cracking, the horizontal modulus of the layer will be
highly reduced and the stabilized layer becomes anisotropic instead of
isofropic which works with elastic theory. To overcome this complication,
a cracked tre;aled' layer was assumed as an equivalent, untreated
isotropic matenial with elastic modulus of 750Mpa and. 1100 Mpa which fall
between 500 and 1500 Mpa as suggested by Otte et al (1982). In
addition to this, the factors suggested by Wilson and Pretorius (1870) was
applied to accommodate local increases in the .ia:rertical strain immediately
beneath the cracks in treated layers. The critical areas that were
considered for the no-cracking criterion is as specified in (1) above.
DESIGN ATIONS:

Three equations frcar'rl'l elastic layered theory were considered. The

equations are:-
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I Featie and Ulhdtz (1982) simplified theory for multi-layered stress-

strain analysis,

il Hadley et al (1873) equations on iterative solutions of layerad
theory;

il The BISAR Programme equations for, estimating the value of
Modulus of Elasticity as defined by elasﬁq-laysmd theory,

Out of these equations, it was only the - BISAR Progamme equations that

gave consistent resulis of the stresses and strains at the specified points

in the pavement. These equations were therefore adopted for the stress

and strain analysis of the pavement using Smith-Witczak (1981) single

valued equivalent base moduli. The egquations are listed thus

For BISAR Programme:

G=0a[1-___1 -1
(1+{arz))"*
Ovi= Gz [142p) - 2(1 + 2u) + 1 ;
2 [i1+a/z)y (1+(alz)’)™™
er=1 [Op—p (On+ 03
=
.EI=1 [EIE-EF'EE..]
= L.

For Smith - Witczak (1881) equation

Log E'= 1.079 - 0.511 log hy — 0.008 log ha— 0.155 log E; + 0.279 log Ea
+ 0.888 log ki

Log E" = 0.9568 - 0.430 log hy — 0.073 log h2— 0.122 log E; + 0.294 log Eax
+ (.848 log ky

Whera
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3.4

0. = Actual wheel load

0.0y = Vertical and horizontal stress respemiuel:;r

et, ez = Tensile and compressive strains respectively

| Foissons ratio

E' E' = Single valued equivalent base modulus for tensile and
compressive strains respactively.

hi, hz = Layer thickness for surface and base respectively.

E: & Ex = Modulus of elasticity of surface and subgrade

Ki = Intercept regression constant from the modulus test plot.

On = Oy

A computer programme was run on these equations with different
pavement pm!iminaﬂ,r material combinations and layer thicknesses which
resulted into an output of over 200 different values of stresses and sirains.

OPTIMAL MATERIAL COMBINATIONS AND LAYER THICKNESSES

The stresses and strains from computer output were compared with the
haximum permissible stresses and strains at the crtical points of the
pavement to select those that are less than the safe working stresses and
strains at those points. Three or four from the pavement layouts
immediately following those that satisfied these conditions were selected
as preliminary layouts’

The final and optimal layout of the pavement was selected by using
maodified Hejal et al {(1571) minimization equation for selection of flexible

pavement components by applying civil engineering systems analysis
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method. The Hejal et al (1971) equation after being modified using
relevant parameters is given by:
Minimize S = 5.257hy + 1.183h2 + 0.864h;

Subject to the following constraints

a; hy + azhz + azha > SN
hy + ha+ hs > Hriin
ha = T
hz 3 E'"
ha > 8"
hy = 4"
hz = 20°
h'.!- f B"
hi,hz. ha=0 |
where

S = total cost of pavement in dollars per square foot

hy. hz ha = thickness for surface base and sub-base respectively

ay @z, ay = layer coefficients for surface base and sub-base respectively.
SN = weighted structural number of the pavement
Hmin = Minimum total pavement thickness ..

The layer thicknesses of the preliminary layouts were used as lower and
upper thickness constraints, Some of the conditions and parameters
specified by the American Association of State Highway and

Transportation Officials (AASHTO) design guide were adapted to suit the
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3.5

tropical environment. Flexible pavement design nomographs from
AASHTO design guide were used to estimate the weighted structural
number (SN) of the pavement. Finally, modified Hejal et al (1971)
equation was solved to produce the optimal pavement layout. The
constraints equations were tested to make sure the conditions specified
ware fulfilled, Modified Hejal et al (1971) equations and their solutions are
in Appendix Il under item 6.17 d

The optimal pavement layout was then mm;‘;ared with other existing

layouts from two former design procedures for the tropical environment.

SOURCES OF EAT.F'-..-

The data used for this study were obtained from various national and

international publications in engineering and other related subjects. The

data and their sources are itemized thus:-

3.5.1 Traffic Data: The data on traffic census on Akure-Owo Expressway

were sourced from Ondo State Ministry u% Works, Transpaort, Lands

and Housing, Akure, Other data such as traffic growth rate and
design ftraffic were obtained from Road Research Laboratory
(LR.278), Joumal of Transportation Engineering - Transport
Nigeria, 1981 and Otte et al (1982) in Jr;-ul.'nal of American Society
of Civil Engineers (ASCE), Volume 108, No. TE4, respectively. All
these are shown in Tables A-01(a) to A-07(b) in Appendix 1

3.5.2 Fundamental Material Properties Data:
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3.6

3.9.3

i

Stabilized and Unstabilized Lateritic Secil - Data on
material properties were obtained from [aboratory tests on
stabilized and unstabilized lateritic soils in Nigeria. The
additives considerad wera cemant and lima. The cyclic test
data for the untreated and the trealed laterite base materials
were obtained from Jimoh (1987).

Bituminous Materials - (he dala on the fundamental
properties of this material were obtained from Ondo State
Asphall Company (OSAC), Akure and from (Olte et al, 1982)
in the Journal of American Society of Civil Engineers
(ASCE), Volume 108, No, TE4 :

Subgrade Materials - For this study, a laterite soll of A-2-
7 class was assumed as the subgrade material. The
ml‘urr‘nﬂt!ﬁn on the fundamental matenal properties were

sourced in the same manner as (i) above.

Pavement Failure Criteria Data: Two pavemenl failure criteria

were considered. They are the no-cracking and the cracking

criteria. The data for the maximum permissible strain values were

obtained from (Otte et al, 1982) in Jnurn:al of American Society of ~

Civil Engineers (ASCE), Volume 108, No. TE4

CHECKING OPTIMAL LAYOUT AGAINST THE DESIGN LIFE

Aside

from comparing the proposed procedure with the former

proceduras, the oplimal layoul of soil-cement for a cracking criterion was

57



used to check whether the twenty-year (20) design life earlier used will be
enough for the optimal layout or not. The analysis is shown in Appendix [l

under item 6.25 and the discussion is under item 4.9
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4.1

CHAPTER FOUR
RESULTS AND DISCUSSIONS

TRAFFIC ANALYSIS RESULTS:

The traffic analysis results for Akure-Owo Expressway for 1987 is
presented in Table 4.01. The analysis shows the axle load distribution
and the equivalent (B0KN) single axle computations for the year. From
the table, it is seen that the total equivalent (BOKN) single axie (TESA) per
100 trucks on the road is 35.02 out of which tandem axle is 4.30 (about
12%). The implication of this is that heavy vehicles (trucks) do not ply the
road with the same frequency as light vehicles such as private cars and
taxi cabs. The table shows that vehicles in the range of 18 to 27KN (1.8 -
2.7 tonnes) have the highest frequency on the road. These light vehicles
do not cause as much pavement distress as heéj'i.'y vehicles.

Table 4.01(a) classifies the traffic along the road. Passenger cars take
the "lion's share of 88% while trucks take 12%. . Of the 12% for trucks,
trailers take 2% while two axle load vehicles take the remaining 10%.
This classification c:um.‘irrns the low frequency of heavy vehicles on Akure -
Owo Expressway,

The plate also shows equivalent axle load (EAL) computations using 1987
trafhic census data with a design period of 20 years. The traffic growth of
7% was used. The computations show that fmm. the 1987 equivalent axle
load {EAL.) of about 9, the equivalent axle load I{E.."-".Lz.:.} twenty years after

will be 1.362x10°. These figures (9 and 1.362x10%) imply that all vehicular



Axle Load Single Axles per 100 Trucks Tandem Axle per 100 Trucks
(KN)
MNumber Factor MNumber Factor
| (Mo {Fi Mo.x F {No.) {F}) Mo.x F
Under 9 67.5 0. 0002 0.0135
9- 18 - 0002 -
18 - 27 435.5 0.0l 43550
27 - 14 g28.8 0.03 2.6640
36 - 45 3.1 0.08 2.6480
45 - 54 23.7 0.18 4.2660
54 - 63 2.3 0.35 7.4550
63 - T2 1.9 0.61 45190 0.28 0.03 0.0084
T2- Bl 4.5 1.0 4, 3004 .48 0.035 0.0240
8l - 80 1.50 0.08 0.1520
00 - 99 1.84 0.12 0.2204
9% - 108 - 0.17 --
108 - 117 0.83 0.25 0.075
117 - 126 - .35 =
126 - 135 - 0.48 =
135 - 144 - .64 -
144 - 153 0.42 0.84 0.3528
153 - 162 0.97 1.08 L0476
162 - 171 - 1.38 -
171 - 18O .69 1.72 L. 1868
180 - 1R% - 2.13 -
189 - 198 0.42 2.62 1. 1004
Total 30.7H05 4.3003
s =

Toital equivalent BDEN single axle (TESA) per 100 rrucks on Akure-Owo

Express Road = 30.72 + 4,30 = 35.02
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Table 4.01(n) Eguivaleni Axle tatign for | raifi W

Express Road (p = 2.5, SN = 4}
Design period = M} years .
*Tralfic growth rate = TH Classification of wraffic on Akure-
Crwo Road (1987)
Initial Daily EAL, Persenger cars = 3%
LEAL, = 33.00(0.12)(ADTm) Trucks - 12%
L - Two axle = 1%
= 0.021 (ADTm) Trmilers — 2%

Future Daily EAL,
YEAL, = EALJGSES) [(1 + - 1]

Log il + i)
Substiniting values Ly
LEALy = 0.021{ADTmHIGSH(1.0TY" - 1]
Log(1.07)
= 325.10(ADTm)
For 1987 ADTm = 419
EALy, = 325100419 = 1.362 x IF
ADTm = mean of ADT for pickup van, lorrics, buses and irailers
“* From RRL (LR 279)
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loads on Akure - Owo Expressway in 1987 and those in the year 2007, all
other things being equal, were and will be anld 1.362x10° repetitions of
the standard axle load (E80). As a result of this, the vertical compressive
strain caused by any lpad on the pavement within the design life must not
exceed the one caused by 1.362x10° repetitions of the standard load
(E80), The compressive strain (e:) caused by 1.362x10° repetitions of
(EBD) in the subgrade is the maximum permissible vertical compressive
strain for this design. Figure 4.01 shows the 1I.n'ariatim'l of traffic along
Akure - Owo Expressway from 1982 to 1987. The plot is the average daily
traffic (ADT) of all the modes of traffic plying the road against the years.

The figure also confirms the road as a light vehicle “trafficked” road with
cars and taxis having the highest ADT over the years. Cars and taxis are
followed by pickup vans which are also light vehicles, It is observed that
the traffic census data for 1987 has the highest mean average dally traffic
{ADTm) for all the modes and that is why the year was picked for analysis
aside from the fact that it is the most recent of all the data collectad on

traffic census.
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4.2

MATERIALS CHARACTERIZATION:

The natural geo-technical properties of the Iatar{tic soils used are shown
in Table 4.02. It is seen from the table that the pavement materials are
grouped as base matenal (A), sub-base matenal (B) and the subgrade
material (C). The table shows materials (B) and (C) as A-2-7 soil while
material (A) is an A-2-4 soil meaning that (A} is the best out of the three
pavement materials. It has a CBR of 92%. i"u;'lateﬁarﬂ. B and C salisfy
some of the specifications for materials for n:-:ad base in the tropics.
Because of this, the summary of results on the stabilization of material B
is presented in Tables 4.03 and 4 .04.

Table 403 shows the percentage cement added to the [ateritic soil
material (B) as ranging from 2 to 8 while table 4.04 shows the percentlage
of lime added to the same soil using the same range (2% to 8%). From
Table 4.03, the CBR of the soil increased from 56% at 2% cement to
300% at 6% cement and dropped to 128% at B% cement. The table
shows the maximum dry densily (MDD) of the soill decreasing from
1868KN/M? at 2% cement to 1585KN/M? at B% cement with the optimum
moisture content increasing from 15% at 2% cement to 18% at 8%

cement.
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Ir
GEOTECHNICAL PROPERTIES
Mo, | Material ]
L.L P.L P.1 Gs CHBR | Classi- % Clay % Clay
(%) (%) L%} (%) | fcation L.L P
A | Base 22 15 7 2.67 oz A-2-4 L1 15
B | Subbase dd 25 18 2,70 4 A-2-7 264 108
C | Subgrade 44 L 15 2.42 20 A-2-7 308 o5
Tabhle 4.03: Summary of Results on Soil-cement
I
RESULTS
Cement
Content | CpR (%) | MDD OMC LL PL Pl ucs
(%) (KM /m) (%) (%) (%) (%) (N/mim')
0 F !
2 56 186G 15 43 i 14 @711
4 [63 1727 19 41 ETH] Il 0749
6 300 1685 18 41 3l 1] {.973
b 40.5
Table 4.0k: AL of Soil-lime
RESULTS
Lime
Content | CRR () MDD OMC LL PL Pl UEs
(%) (KN/m?) (%) (%) (%) (%) (N ma)
0 =
2 59 LRT0 15 41.5 1l 10.5 1.123
4 78 L 7R 19 39 13 i 1.3184
& 78 L 700 22 36 15 I [.385
g 45 1650 2 a4 38 - l.122
e ——

b5




Similar trends, as shown in table 4 .03, also oocur in table 4.04. |Initially, the
addition of lime (2%) increased the CBR of the soil even more than that of
cement {2%;), but subsequent additions do not show appreciable increase in the
CBR. Similarly, lime content inhibits the effectiveness of the compactive effort,
though to a slightly less degree. The unconfined compressive strength of soil-
lime increases more appreciably from 1.123N/mm? at 2% to 1.385N/mm? at 6%
lime before dropping to 1.122N/mm?* al 8% lime. From the results of unconfined
compressive strength tests, it can be seen that lime impacts more shear strength
on the latentic soil than cement especially at the lower contents of the additives
The resilient properties of soil-cement and soil-lime w1.'|.ere the soils are laterites
are influenced by such factors as stress intensity, cement or lime content,
moisture content, age of curing and the number of load repetitions, {(Boniface
and Obi 1972) and {Singh and Akoto 1981},

Tables 4.05 to 407 show the cyclic lest data on laterite, soil-ime and soil-
cement. The same results are shown in Figure 4.02 which shows the
relationship between the applied stress (deviator stress) and the resilient
modulus of each of the soils. The figure shows that scil-cement has the highest
resilient modulus from the three soil samples. This is followed by soil-lime
especially at the lower applied stresses. At the higherl stresses, lateritic soil has
higher resilient modulus than soil-ime. At an applied stress of 280kpa, [aterite
and soil-ime have the same resilient modulus, the value of which is 240x1 0kpa.
The figure also shows that, for all the soils, the resilient modulus decreases as

the applied stress increases. Figure 4.03 shows the graph of resilient modulus
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Table 4.05: Cyelic Tesi Daio for Latentic Sodl

Cell Deviator Stress Recoverable Strain | Resilicnt Modulous {ME) Bulk Siress (Kpa)
Pressure | (Kpa) O, (Micron) €, {Bpa) o
a 85.5 205 © 416,529 B5.5
40 128.3 181 336,545 248.3
80 248.3 E45 . 284,005 48B.0
180 408.3 1576 259,084 B18.3 I
w
Table 4.06: Cyelic Test Dawn for Soil-Lime
Cell Pressure , £, MR &
1] 203 127 632,780 80.3
40 1383 312 412,243 248
130 3E8.2 1454 266,976 T8
170 4880 2004 242 871 Qo8
Table 4.07: Cyclic Test Data for Soil-Cement
Cell Pressure T, E, MR a
4] B4.2 L 2,134,525 B4
50 134.7 125 1,076,913 285
103 234 324 T, 602 43
130 kLAY 574 620 HES Tds
170 $22.5 GuR 513,602 1033
e — =
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Regression constants
1. Soil -Cement. @ Soll = cemenl
My s 25521 Mpuo, K3 = -0 56 X sol=lime
7. Soll= lime. & Lateritie=sol.
Ky= 3350 Mpa_ Ky = -0- 38
=
E_ 3 Loteritie =saill,
= Ky = 101& Mpa, H,: = =010
g 100
o
1
L
[ 8
-
w
.
2 10 =
=
o
=
1
! 1 1 {
10 100 1000
Bulk stress
Fig. 4-03 Resilient Modulus versus Bulk stress

for Lateritic, Cement ard Lime soils,

Source . Jimoh (1987)
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versus the bulk stress. It is seen from the figure that the resilient modulus of all
the soils decreases as the bulk stress increases. From the figure, the regression
constants (K, and K:) were calculated for all the soils and the values are as
shown on the figure.

The fundamental properties of bituminous and asphaltic materials, treated and
untreated lateritic soils are based on previous Stu:dies- The stiffness (E)
characteristics of bituminous mixtures depend on temperature and rate of
loading. As suggested by Otte et al (1982), one loading rate corresponding to a
vehicle speed of 80 - 100km/hr is adopted. A temperature range of between 0°C
and 40°C is also adopted. Using all these, a stiffness of 5000Mpa and a
Poisson's ratio of 0.4 are used for bituminous and asphaltic matenals. For the
treated lateritic soils, the modulus of elasticity used ranged between 500Mpa and
4 500Mpa. Based on previous research, the Poisson's ratio used for both of
them is 0.35. The relationship established by Mitchell (1976) between the
unconfined compressive strength and the average stiffness of a soil-cement is
used to generate the stiffness of the soill-cement used here as shown on Table
4.08  Another 1'E|E’[Il.'..!n5hi'|.] by the same author is used to estimate the tensile
strength of the soil-cement used for this study as it is also shown on table 4.08,

From the table, it is observed that increasing the cement content does not give .
appreciable increase on both the average modulus of elasticity and tensile
strength of the soil-cement. This however is a carry-over effect from the value of

the unconfined compressive strength of the soil-cement,

n



Tahle 4.08: Summary of the Porameiers Calculated for Soil-cement

Cement (1) (2) (3) {4) (5=73x4)
Content UCS (Mpa} | Average Stiffness | Tensile Strength | Fatigue Strength | Tensile Stress
(%) (Ey) (Mpa) (Mpa) Ratio (Mpa)
2 711 1oz 10.18 0.35 3.653
4 0. 749 1102 10.20 0.33 3.5
[ 0.973 1103 10.30 0.35 3.605
B ). [al 110 10.38 0.35 3.633
§ ¥ ,.J'Q.F
s ; 1|I
' &

i1



. SAFE WORKING STRESSES AND STRAINS OF PAVEMENT MATERIALS:

Table 4.09 shows the maximum permissible’ strain values for failure

analysis. It shows the standard load repetitions (T) and the corresponding
permissible tensile strains for asphaltic concrete materials with 5000Mpa
stiffness. It also shows the number of equivalent repetitions (EB0) and the
permissible vertical compressive strain in the subgrade soil corresponding
to each of these loads.

For the treated materials especially the soil-cement, the allowable tensile
strains () depend on the strain al break fl—:h‘]. of the material and the
number of load repetitions (N,). Otte (1978) developed a relationship
between these parameters. Egquations 6.04 and 605 in Appendix Il
define the relationship. Figure 4.04 shows the relationship of elastic
modulus and strain at break [(ou) for a soil-cement. In case of a
preliminary design, design values of strain at break {=n) could be obtained
from the figure. It is seen from the figure that the strain at break{czs)
decreases as the modulus of the soil-cement INcreases. This implies that
soil-cement with high modulus of elasticity will have a low value of strain
at break. Stran al break is thal slrain value of soil-cement al which the
materials fails under the applied load.

Table 4.10 shows the design traffic for different types of pavement
materials excluding soi-ime.  Limiting values of stresses and strains of
matenals including soil-ime are shown in Table 4.11. Using both tables

with the aid of equations 6.04 and 6.05, the allowable tensile and
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Table 4.00:

laximum Permissible Sirain % 5

il

g

- 100

Mumber of Permissible Tensile Steain Mumber of Equivalem Permissible Vertical
Standard Load G Y Repetitions (ER0) Compressive Strain in
Repetitions (T) & 10mm/fmm (B, =5000Mpa Subgrade Soil {, .
9% Void in mix) & D0y o)

1 - BE0 =10 1000

I - 580 3 x 10¥ §30

1 - 360 | x 108 650

i = 240 3 x00 570

107 - L5l 1x10F 460

400

Material Type

Design Tralfic

Bituminous materials

Soil-cement

Unireated and subgrade

Tolal number of axle repetitions, T. (e.g'5 x 105
Mumber of heavy wheel load (c.p 3000 ol S0KN}
Mumber of equivalent 80KN axles (E 80 (e.g 107

Source:

Orte e al (1982)

= —

Pavement Layver | Losd Repetition O, (Mpa) Limiting Stresses and Strain

T £, *
% [0mm/mmy €,
Surfacing 1o 58 260
Blase iy 0.1 (Weak) 144 . 650
0.3 (Strong)

Subgrade i 230 1as0

= e N —  — — — = ——— — ———————— |
Sowrce: Dorman and Metcalf {1965)
Table 4.12: Summary of Allowable Tensile and Compressive Strains
Strains (* _ ., ¥
bl agerial & 0mm/ mom)
€1 Ec

Asphaltic concrete surfacing 200

Sodl-cement

base or sub-base

E = 500, 750, 1100, 3000, 4500Mpa | 154, 119, 95, 89, B2

Soil-lime

base or sub-basze L4

Subgrade 969
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4.4

compressive strains for the load repetitions for this study are as shown In
Table 412, The safe working strains for the asphaltic concrete and
subgrade malterials are oblained by interpolating for the values -
5,000,000 repetitions and 1.362x10° EBRD fan surfacing and subgrade
respectively, The value (1 362x10" Es80)for the subgrade is the one
estimated for Akure - Owo Expressway traffic census for a design life of
20 years.

Fraom table 4.12, it i observed that the allowable tensile stran of soil-
cement an the average is less than that of soil-lime. It is therefore
reasonable to deduce that soil-cement is more vulnerable to distress than
soil-lima when used in pavement. The implic:afin:;n of this is that soil-lime
can carry more load than soil-cement. This assertion is supported by
tables 4 10 and 4.11 where the number of Icad repetitions “carriable” by
soil-cement and soil-lime are 510" and 10" respectively. The asphaltic
material as observed on the table has the highest allowable tensile strain
because it is the mast ductile matenal amongst the .three- This is why it

can carry as much as 5x10" axle repetitions (see table 4.09).

ENVIRONMENTAL EFFECTS
The effects of the environment considered weare enumerated via the
AABHTO design guide with a view to correlating theory with an

established inlernationally accepted road test. Table 413 shows the
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bl &, D34a):

Sopl Suppori Values

Weighted Struciural

Layer Coefficient

Pavement Layer ChR MNumber (5M) (=)

(%) 5-C S-L 5-C 3-L 5-C 5-L
Subgrade SiSoaked) 3.6 3.4 4,10 4.0 | - -
Sub-base 3, 1M Soaked) 4.8 4.8 150 3.50 | 0.06 0.07a,)
Base 163, TE(Unsoaked) | @ 8.5 .9 2.10 .14 027 (n,)
Surfacing -- - = = - .d4(ad

—_—— = =
Conditi

Fresenl Serviceability Index (P51} =
Regionnl facior (subgrade soaked) =

Modulus o

Draily equivalent |B-kip single axle

[ surfacing (E,j

2.5
2.5

- 7,26 x [0°psi (S000Mpa)

TG

load applications for 20 years = 1.362 x 0¥ (EBOY}
5-C = Soil-cement
5-L = Soil-lwne
Toble 4,00 Estimaied Yolues from AASHTO Design Gulde as Adagied 1o
Sllistrian B for T 1 Sub-t =
I Soil Suppon Valuers | Weighted Struciural Layer Cosfficiem
Puvement Layer CHR " Mumber (SN} F ]
(%) 5C 5L 54 5-L 5-C 5L
Subgrade Si5oaked) 3.6 1.6 4.10 4.10 | -
Sub-base 163, TR Unsoakedy | 9 H.5 L5 200 | 14 D27
Base TR Unsouked) .5 B.5 2.10 Z.10 0.1 hiay)
Surfacing - - - 0.444a;)
Conditions
Presend Serviceabiliy Iulex (P51} = 2.5
Regional fecior (subgrede soaked) = 2.5
blodiulus of surlscing (L) - T.26 x 1WPpsi (S0UUMpa)
Dadly eguivalem |B-kip single axle
load applications for 20 ycars = 1.362 x 10" (E8D)



estimated values from AASHTO numugraphs.as adapted to Nigenan
environment with the conditions stated under the table. From the table,
the soil support values for the soaked subgrade and sub-base materials
are 3.6 and 4.8 respectively; while those of the unscaked soil-cement and
soil-ime base materials are 8 and 85 at CBR of 1683% and 78%
respectively. The weighted structural number (SN) for both subgrade and
sub-base for the two soils are 4.10 and 3.50 respectively. The weighted
structural numbers for the bases of soil-cement and soil-lime are 1.9 and
2.10. These values imply that soil-ime is structurally stronger than soil-
cement. The layer co-efficients shown for the sub-base are for soaked
CBR 5% and 10% and the one for the base s;rEl for Moduli 1100 and
J000Mpa respectively. The layer co-efficient for surfacing is for a
modulus of 5000Mpa,
Although, some of the values may be conservative, they however, give
reascnable approximations that can be used in practice, Tha
nomographs for estimating the values on table 4.13 are in Appendix Il and

are shown as figures 6.01 and 6.02
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4.5

4.5

RESULTS OF PRELIMINARY COMBINATION OF PAVEMENT
MATERIALS AND LAYER THICKNESSES

Figures 4.05 and 4.06 show the preliminary layouts of pavement matenals with
treated base and with treated sub-base respectively. For figures 4,05, the
thicknesses of surfacing and treated bases vary from 25mm to 10 nm for the
surfacing and from 200mm to 500mm for the base For all these, the latente
sub-base thickness is held constant at 200mm.  For figure 4.06, the base
thickness is held constant while surfacing and sub-base thicknesses are allowed
to vary, These layouls are loaded for the stresses and strains to be calculated at
criical points.  This will be constituted inte what is termed the pavement
response.

LOADING AND PAVEMENT RESPONSE

Figure 4. 07 shows a typical pavement loading arrangement for this study, The
loading on the pavement is 40kN. The tyre contact pressure and radius are
520kpa (0.52Mpa) and 156mm respectively, The thickness of the surfacing is
represented by hy, Those of baze and sub-base are represented by he and hs
raspactively, The moduli of elasticity and the Poisson's ratio of the surfacing,
base, sub-base and subgrade are symbolized as E;; .;1._ E:; ps Es gy and Es;
respectivaly

Tables 4.14 and 4.15 show the inpul parameters for the pavement structural
analysis. Table 4 14 shows the material combination as asphaltic surfacing, soil-
cemen!l or socil-ime basecourse and latente sub-base. Table 4.15 shows'
asphaltic surfacing, laterite base and soil-cement or soil-lime sub-basecourse.

The responses of these arrangements in terms of stresses and
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with treated” Bases.
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Parameiers Walues Used Compuiation

C : er
Thickness h 25, 50, 75, 100mm 4
Modulus E; SO00Mpa
Poisson's Ratio g, 040

i il-lime Base
Layer
Thickness h; 2061, 300, 200, 500mm ]
Mlodulus E; SO0, 70, 1,100, 3,000, 4,500Mpa 1a
Poisson's Ratio g, 0,35
Thickness by Zmm |
Modulus E, 250Mpa |
Poisson’s Ratio  py .40
Subgrade Layer
Modulus E, = ICER | 50, 100, 200Mpa 3
Fiosson's Ratwe e, 040
Tyre Load M 1
Tyre coniaci pressure SHiKpa
S—
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Table 4.15: ut Parameters for the Design Analysis with respect to Treated Sub-hase

I Parameters Yalues Used Compartation
Asphaltic Concrete Laver
Thickness h, 25, 50, 75, 1N)mm 4
Modulus E, SO00Mpa
Poizson’s Ratio p, 0.4
Laterite Base Laver
Thickness b, MM I
Modulus E, 250Mpa . I
Poisson's Ratio s, .40
Thickness hy 200, 300, 400, 500mm ;
Modulus E; S04, 750, 1,100, 3,000, 4,500Mpa =
Poiszon's Batio .35
Subgrade Laver
Modulus E, S0, 100, 200Mpa 3
Piosson's Ratio g, 0.40
Tyre Load 40KN ' {
Tyre contact pressurs 520K pa
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strains at the critical areas of the pavement are shown in Tables 4.16 to 4.20 for
soil-cement. It is observed from Table 4.16 that as the thickness of the asphaltic
layer increases, the tensile sirain value also increases. This is because as the
thickness of the asphalt increases, the ductility reduces and thus the fragility
increases. The implication nf this is that thicker as.p;hallic layer after a point
offers little or no advantage over an optimal thickness, :

Tables 4.17 to 4.20 show the stresses and strains at the bottorn of soil-cement
basecourse for different moduli. The general pattern of the tables and as
against the pattern in aspllflalt surfacing is that, the tensile (negative) and
compressive (posilive) strains reduce or decrease as the depth increases. It is
also observed that higher modulus gives rise to smaller strains below the sail-
cement basecourse. The compressive vertical strain an top of the subgrade also
é.hc:-.-.rs this pattern. Tables 4.21 to 4.22 show the stresses and strains at the
bottom of soil-lime basecourse. The pattermn is the salr"ne as for those in tables
417 to 4.20. The responses of the pavement are shown by Tables 4 23 to 4.26
when the sub-base is treated. All these tables show decreasing values of the
stresses and strains as the depth of pavement increases.

Figures 4.08 and 4.09 show the effects of base thickness and sub-base
thickness on the tensile strains at the bottom of stabilized bases and sub-bases
respectively. Il is cbserved from the figures that as the modulus, base and
sub-base thicknesses increase, the tensile strains at their bottom reduce. This
implies that the tensile strain is a function of the stiffness and thickness of the

treated layers. The depth of the treated layers too affect the strains at the bottom
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Table 4. 16: Calculated Stresses and Siraing at the

=
S0il-Cemeni Soil-Lime
Serains (4
Depth (Z) Stresses (MN/mm’) x10mm/mm | Strains {*x10mmfmm)
(T}
a0, Ty €, = = &,
25 0.518 0.314 4 53 4 53
S0 0,503 0.175 1% T3 L] . T3
75 0,474 {1,066 30 Bd M) B
1080 0.431 0,006 15 &7 e ar
Table 4.17: Calculated Stresses and Sirains at th ttom of Cement li
—
H Soil-Cemeni: E, = | [00Mpa E; = 500Mpa
Straing { Strains (*x I0mm'mm)
Depth {Z) Stresses (N/mm?) S 1 Ommy/ i)
{mm)
a; Oy g, E, E, ="
225 0231 0.062 =106 214 =234 526
250 0.202 0058 -G 210 =208 463
275 0178 0,053 -84 185 -184 408
IO 0,157 L4 H =T 154 =164 L]
315 0139 044 -0 145, -[4l 320
350 124 00440 =59 130 -1 30 285
375 il (.36 -53 116 -117 255
SO0 0, 100 0,033 -48 104 -105 2249
425 0090 0.030 -43 G -5 207
450 .08 (.027 -39 85 -Bi 188
475 0,074 0025 36 T8 =74 171
S04 0068 0.023 -33 T1 -T2 156
515 0.062 0,021 =30 a3 B 143
S50 0.057 0019 =28 o)., -1 1318
575 0.053 0018 -Z5 e -5 121
GO0 0047 0017 -23 51 =52 | § 4
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Iable 4,18

Soil-Cement: E; = 3000Mpa

e

E, = T50Mpa
Srrains {*x | QmmSmmm)

Depith {Z) Stresses (M/mm?) Strains (“x EOmum' mim )

{mm} o; O . - £, -
115 0.231 =L e -39 1.1 =160 370
250 Q. 202 AFAISH =35 T 140 A2
275 0,174 1,057 A1 68 130 200
00 0157 1048 =27 ) -120) 250
315 0.139 11044 =14 gt -1 230
50 0124 -(.040 -2 44 B H 200
375 o111 -0.036 -20 42 -80 180
40 0. 10 -(3.033 -17 : 8 - 160
425 LU ] L5034 =16 34 =T 150
450 0,081 0,027 -14 3l =60} 130
475 0074 025 -13 28 -6 120
500 0.068 A,.023 12 26 =50 |10
525 0.062 A.021 =11 24 =50 130
550 0.087 | 0019 -10 22 = 90
575 53 <100 =G 20 =40 o
LT .0ab (.07 -8 2 40 i

BG




Table 4.19: alculated Siresscs an ins ai m of Ce i ili

Soil-Cement E, = 4,500Mpa ‘!

Stresses (N/mm?) Stratns (*x 10mm/mm)

Dﬁnﬁm a; T E, E,
225 0.231 0,062 <30 L]
250 0.202 0058 =20 30
275 0.178 0,033 =20 50
300 0.157 -0.048 =20 - 40
325 0.13% 1044 20 40
350 0.124 1,040 20 . 30
E ¥ a.1rl 0,036 -1 30
A4 0. 100 -0.033 =10 30
4215 (.05 =030 =10 20
430 0081 «0.027 =10 20
475 0.074 025 =10 20
300 0068 -3.023 -10 20
535 0062 0021 10 0
550 0057 01 -1 0
575 0,053 -0.018 -10 10
GO0 0,049 0,017 -10 | 10
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Iable 4.20: Calgulaied Stresses and Compressive Sirains at the wop of Subgrade

= — — — s
Siresses {Mimm®) Compressive Saratng {*x 1 0mm/mm)
Drepily () E, = 100Mpa E, = 200Mpa
{mm} o o; e, -
425 04 0,032 1054 547
450 A0TG 0029 S92 4596
475 LU E 0,026 3 451
500 0,063 0,024 B25 412
525 0.058 0.022 T56 378
330 0.053 (.01 685 348
575 0,049 LRI 41 321
€00 0.045 0018 503 287
625 0042 0.6 550 275
G50 0,039 0.015 511 256
675 0.036 0014 476 238
TO0 0,034 0.0E3 445 23
725 (032 T e 417 208
750 430 Q.2 kL 195
775 0,028 .o 367 184
BN 0.033 Lo M5 173
e




Sail-Lime E; = [100Mpa E; = T50Mpa
Degth (2) Stresses (M/mm') Strains (*xi0mm'mm} Strains {*x10mm/mm)
G} o oy E, g, g, €.
2215 0.231 62 ~110 24 =160 370
250 0.202 0058 - 100 220 -1440 320
273 0.178 A0.053 ~SH) 200 -130 290
300 0.157 0,048 B-11) 170 =120 250
325 0.13%9 0,044 -Ta 150 100 23
330 D.124 =140 60 140y -5 200
375 it -0.036G -6 20 80 180
400 0. 10 -0.033 -50 (§{H] =70 L&
425 0,050 0.030 =50 100 70 150
430 0081 .07 =40 50 <80 130
475 0.074 ~(.(125 =40 B -6 120
500 0.068 023 40 ED =50 116
525 0.062 -2 L -3 T =50 L0
550 0.057 "l
575 0.053 it
1LY 0.047 50

g9




pi

Soil-Lime B, = S00Mpa-

Stresses (N/mm)

Strains {*x10mm/mm}

i~ o % . .
225 0.231 -0.062 -240 550
250 {202 (0,058 220 450
275 0.1TE 0053 =190 430
300 157 0,048 -170 330
325 0.139 -0.044 -150 340
350 0.124 0,040 -140 300
375 0.111 0,036 -120 270
40 0. 100 0,033 -110 240
425 0,050 -0.030 -100 220
450 0.081 =1,027 -5} 200
475 0074 0025 -80 180
500 0068 0.023 80 170
525 0.062 0.021 70 150
550 0.057 -0.019 -70 140
575 0.053 0018 -60 130
600 0.047 0.017 i) 120

90 -



Table 4.23: Calculated Stresses and Strains at the botem of Cement Stabilized Sub-Base
Sodl-Censent E; = 1100Mpa E; = 500Mpa

Deepth (Z) Stresses (MW/mm’} Sirans % mamy mim) Strains (*x10mm/mm})
e o o €, e, €, €,
425 0.080 -0.0350 =500 10 100} 220
450 0.081 -.027 =40 =90 <L Y
475 0074 .05 40} B0 ~&0 La0
500 (0.068 -0.023 40 B -B0 170
525 0,062 -021 -30 T =70 150

550 0.057 -9 -30 &l =70 140

575 0.053 018 -30 £l -6 130

il 0,045 07T =30 L1 =60 120
625 0045 | -0.018 20 50 -50 1o

G50 0.042 -0l 4 =20 ] -5 [0y
675 0039 .03 20 wdd 4 LOD

00 003 -h013 =20 40 <40} Qi
725 0.034 012 =20 40 -4 a0
TS0 0.032 - 20 441 4} a0
775 0.030 A <20 30 =30 0
B .08 010 -10) 3 -30 70

31




n ol Cement

Table 4 24: aled Siresaey [
— —
I Boil-Cement E, = J000Mpa E, = 750Mpa
Depih (Z) Siresses (MSmn) Stralos g L0mm/mm) Strains (x| Dmmman)
bmxn) @, T, €, &, €, €,
H 425 LB .00 =20 40 =70 E50
454 0.08 | A.027 =20 an -6 130
475 0.074 L1025 =10 -30 =60 120
I 500 0.068 A.023 -10 1] =50 10
525 0.062 | 0021 -10 30 50 100
I 5501 0.057 £.019 -10 ) 30 @0
875 0.053 0,014 =10 20 =l Ll
G 0.04% 1017 =10 20 -4 80
625 0.045 | -0.015 10 20 30 70
a5 0,042 S.014 -10 0 30 0
675 0039 £.013 -10 20 =30 il
T00 0.036 S0.013 =10 v 20 =30 Gk
| 725 0.034 I 40,012 =19 1] =30 ill]
50 4.032 A0.4a11 =14 __ 1] =20 50
TIS 0.030 0000 =10 I =20 50
HO0 0.028 -0.010 -10 1] =30 S0

g2




Table 4.25; Caleulared Soresses and Siraing al ihe bottoan of Lime Siabilized Sub-Base

Soil-Lime E; = ll00Mpa E; = T50Mpa
Depith (Z) Stresses (Mmm') Strains {*x|0Omm/mm) Strains (“x | 0mam/mm)
e a; a0, e, = = L=
425 R -0.074) -50 100 10 130
450 0081 0027 =) o Bl 130
475 0.074 0025 =) B0 -6 120
500 0.063 .03 410 B0 -5 1o
325 0.062 0.021 -30 T 50 100
550 0.057 0.y =30 LA -4 S0
575 0.053 ALOLE =30 il a0 o0
GO0 0.0 0007 =30 50 -] : 450
625 0.0435 D015 -20 ;U <30 70
G50 0042 0.kl 4 -0 S0 -30 T
675 0,038 013 20 40 =30 L
TO0 (.36 (03 =20 40 =10 G0
T15 0.034 0012 -0 40 =30 60
T50) 0.032 (0| =20 40 =20 50
715 0.030 000 =20 30 -0 0
B0 b.028 LG -14 a0 =20 50
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Depth (E)
{mm}

E, = 500Mpa

Stenins (% 1mmimm)

€,

€,

415
430

550

575

625
G50
675
TO0
725
T

775

S -t
Stresses (Nimm')
o o

(b, (AN
(.
(0.074
(. 04R
0. (W2
LhLEST {1008
053 -1.0lE
01,044 0007
025 -5
0042 ik 4
LRI LY -3
0,036 -0.013
40,0134 0012
1.032 SRR
[FRER I SR
0,028 k000

=1(K)
&)

G4

2

200
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Fig. 4°-08 Effects of baose thickness on Llhe tensile
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of the layers. This fact iz obvious from figure 4.09°where the strains at the
bottom of treated sub-base is less than those at the bottom of freated base for
the same overall tl‘lii.'.'.k.ﬂEEE This is so because stabilized sub-basecourse is by
location at a lower level than the basecourse for every thickness.

Tables 4.27 to 446 show the calculated strains compared with the allowable
strains at the critical points of the pavement for asphaltic surfacing, soil-cement
base and subgrade. These calculations are based on different moduli of these
layers for both no-cracking and cracking criteria. Sntl—c.:n_ament has different strain
at break (o)) for different moduli and thus different allowable strains. Four strain
values are picked for analysis per layer. For cracking criterion, the values for
soil-cement and subgrade are left as calculated, but for the no-cracking criterion,
the wvalues for snil-cement. and subgrade are multiplied by 1.2 and 3.5
respectively. This is so because according to Wilson and Pretorius (1970) who
used prismatic salid finite element analysis, local increases in the vertical strain
immediately beneath the cracks in treated layers are s_i:gniﬂa::ant and could be up
to 14 times of initial vertical strain Table 4.35 shows what they suggested as
increases in calculated maximum strains fo acmmrﬁﬂdata initital cracking for
different thicknesses of treated layer.

The strain values from tables 4 27 to 4.34 give rise to preliminary thicknesses of
the pavements. It is seen also from the tables that the allowable strain for
cement treated base changes with changes in the modulus of the layer. The
number of load repetitions used for arriving at these allowable values are shown

on the tables. In tables 4.29 and 4.33, the calculated compressive strains
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T 4.27:

for Cracking Crilena

leulated Yersus Allowsble Strains in Pavement Lavout for E. = SO00Mp;

Number of Load Calculated Allowable Calculated Allowable
Pavement Layer Repetitions Sirains Sirain Sirains Sirain
(N elu€) Ewe) | ERE) | ELE)
Asphaltic Concrete 5x l0¢ A, 19, 30, 346 200
Surfacing
Cemeni-treated base §a ¥ 46, 130, 117, 105 154
Subgrmde 1.362 x 10° (ESD) 756, 695, G
641, 593,
e e e el |
Table 4,28: Calsulated Yersus Allowable Sirains in Pavement Lavowt for E, = 500Mps and E; = NHMpa
for Cracking Crileria
—
Mumber of Load Calgulated Allowable | Calculated | Allowable
Pavemeni Layer Repelitions Sirains Strains Strains Strain
(M) E.(:E) EE) | EAx€) | ELE)
Asphalric Concrere §x 10 4, 19, 30, 36 HH)
Surfacing :
Cement-treated base 55 ¥ 146, 130, 117, 105 54
Subgrach "R A WP {EROY 378, 348, 0
321, 297,
—_— s T e —————1]
Table 4.29:
T g
Mumber of Load Calculated Allowable Calculated Allowable
Pavement Layer Repeiitions Strains Strain Strains Strain
M) E,qu} E pE} EFﬁJE E;ﬁLE]
Asphaltic Concrete Sx 100 4, 19, 30, 36 200
Surfacing
Cement-treated base | § x I 48, 48, 35, 36 154
Subgrade 1362 « 1P (ESD) 1460, 1365, faa
1285, 1208,

SE



Table 4.30: ied Yersus Allowable Strains in Pavement Layout for E, = 500 and E, = 200M
racking Crilerios

Mumber of Load Caleulaved Allowable Calculated Allowahble I
Pavement Layer Repeeiiiions Slrains Strains Slrains Sirain
(Ng) EE) E,RE) EfeE) | EfpE)
Asphaltie Concrene Sl 4, 19,30, 35 200
Surfacing
Cement-treated base | 5 x 10 113, 102, 94, 5 154
Subgrade 362 = 10F {ERD) D63, B9a, 069
H38, 7RI, I

Table 4,31 Calculaied Yersus Allpwable Sirains in Pevement Layout for E, = | 100Mpa and E, = 100MMpa

r ing Criterion
Mumber of Load Calculated Allowable Calculated Allowable
Pavernent Layer Repetitions Sirains Strain Straing Strain
(N EfE) Efpe) | €€} | EluE)
Asphaltic Concreie 5x ¢ d, 19, 30,35 200
Surfacing
Cement-treated base | 55 WY 84, 74, 66, 59 5
Subygrade 36028 10 (EBO) 003, B25, 069
756, 695,
Table 4.32:  Calewlated Versus Allowable Siraing in Pavement Lavout for E, = 1100Mpa and E, = 200Mpa
for Crocking Critgrion
Mumber of Load Calculaged Adbowable Caleulaed Allowahle
Pavemeny Layer Repelitions Srrains Strains Sirains Serain
(N EpE) E.{rE) Efs) Edn
Asphaltic Concrele Sx 0P 4, 19,30, 35 20x)
Surfacing
Cemeni-treated base | 5 x 10 B4, 74, 66, 59 as
Subgrade 1.362 x 10° (EBOY 451, 412, 6y
378, 348,
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Table 4.33: Calculated Versus Allowable Strains in Pavement Lavout for E, = 1100Mpa and E, = 100Mpa
for No-Crkine Criferi

Mumber of Load Calculsied Allowable Caleulaved Allowakle
Pavement Layer Repetitions Siralns Strain Strains Strain
(N £, (ue) €,uE) £ nE } £ luEl
Asphaltic Comerele S5x 1 4, 19, M, 35 2040
Surfacing
Cemeni-treaied base | 5 & 107 36, 34, 30, 24 95
Subgrade 1.362 x 10 (ER() 1460, 1365, 969

Table 4,34 calculated Yersys owable Strains 1
for Mo-Cracking Crilerion
Mumber of Load Calculated . Allowahle Calculated Allpaable
Pavement Layer Repetidions Sirpins Strains Strains Siramn
' (N} £ ) EfnE ¢ ELuE E (nE ]
Asphaltic Concrete L [ 4, 19, 30, 35 . 200
Surfacing
Cement-treated base | 5 x 100 52,47, 43, 40 a5
Subgrade 1,362 x 107 (E8O) . D62, 89, 065
- |

-

Max. Yertical Strain on Top of

Type of Cracking Total Thickness Max. Horizonial Layers Below Cracked Layer
Treated Tensile Strain B
{mm} First Under- Second Under-

lying Layer lying Layer
Mo-cracking expecied
(e.g. = 2% cemend or 1.0 1.0 1.0 |
hime)

bloderate cracking;

crack width < Zmm = 200 Lo .5 1.5
{e.g. natural malenal = 2MK) 1.2 7.0 1.5
with 2 - 3% cement or

limme)

Extensive cracking;

crack width > 2mm = 200
{e.g. crushed stone wiith = 200
4 - 6% cemeni
5 —e—

Soupce: One (1978}
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Table 4.36: !

HE Lt

far Cracking Crilerion

Mumber of Load Calculazed Allowable Calculated Allowahle I
Pavement Layer Repeditions Siraing Sirain Strains Sirain
(N, EfuE) Efne) | ene) | EpE)
Asphaltic Concrete 5x ¢ 4,19, 30, 315 200
Surfacing
Lime treated base [t 140, 120, 110, 100, 140
Subgrade 1.362 x 10° (E30) 695, 641, 065
593, 550,
=
Table 4.37: Calculuied Versus Allowable Sirains in Pavement Layout for = S00Mpa and - L

r Cracking Crilerion

Subgrade

1302 & 10F {HO)

Mumber of Load Calculaied Allowable | Caleulaed | Allowable
Favement Layers Bepetiticns Siraing Sirains Straing Srrain
(N En€) EpE} | EpE] | ELE)
Asphaltic Concrete | 55 10° 4, 19, M1, 35 Pl
Surfacing
Lime wreated base Liy B4, 120, 110, 103, IETH

Tabie 4, 38: FErs llowable Sirsing in Pavement Layout for E, = 500Mpa and E, = 100Mpa
for Mo-Cracking Criternon
MNumber of Load Caleolated Allowahle Calculated Allowable
Pavement Layer Repetitions Strains Sirain Sirains Strain
(N} ) M= € (ne) e
Asphaliic Concrete i * 4, 19, 30, 35 200
Surfacing
Lime treated hase T 4. 84,72, T2 140
Subgrade 1.362 x 10" (EBD) 1460, 1365, Q69
1285, 1208,
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Tahle 4.39: culated Versus Allowable Strains in
Mumber ol |l Caleulated Allowakle Caleulnied Allowable
Pavement Layer Repeiitions Strnins Sirnins Strains Strnin
(N,) €,pE] € (nE) €, [uE) €.(n€E)
Asphaltic Congrele 5 ox 1 4, 19, 30, 35 204
Surfacing
Lime tresied base 1o* 120, 108, 95, B6 140
Subgrade 1.362 & 107 (E8Q) 963, 896, i
H33, THEI,

Table 4,40 Cabgulipied Versus Allowable Strains in Pavemnent Lavout for E, = 1100Mpn and E, = [00Mpa

for Cracking

“FhLEriy

Mumiber of Load Cileulared Allowable Caleulnted Allowahble
Pavement Layer Repetitions Biraing Siraln Sirains Siratn
(N} €, [hE] €, uE) £ e €. (HE]
Asphaltic Concrete | 5 & (0P 4, 19, 30, 35 200
Surfocing
Lime treated base I.iq“ 90y, 80, TO, 60 140
Subgrade [.362 & [0F {ERD} Q03, B2, LU
Tit, 6435,
Table 4.41:
=
MNumber of Load Caleulated Allowable Calculated Allowable
Pavement Layer Repeiilions Sirains Strains Strains Strnin
(M) 'E.I:.uEP' E,{,uE} E’J:H-El.j 'E,‘E_FE;'
Asphaltic Concrete 5x 0% 4,19,30 35" 200
Surfacing
Lime treated base i 0y, RO, T, 60 140
Subgrade 1362 1 [P {ER) 45], 412, i
378, 348,
_— e —— e e A
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Table 4 . 42: Calculated Versus Allowable Strains in Faw:rﬁm; Lavoul for B, = | HOMpa and B, = [(0dps
for No-Cracking Critefion

Mumber of Load Caleulared Allowalle Calculated Altowable I
Pavement Layer Bepetitions Slraing Strain Sirains Strain
(N} € (nE) € (uE] A EpE)
Asphaltic Concrete 510 4, 19, 3, 35 2000
Surfacing
Lime treated base T 16, 36, 36, 35 140
Subgrade 1.362 x 107 (E&D) 1460, 1365, 96%
1285, 1204, I

Table 4.43: Calculated YWersus Allowable Sirains in Pavement Lavout for E, = 1100Mpa and E, = 200Mpa
for No-Cracking Criterion

Mumber of Liad Calculmed Allowable Calculated Allowable
FPavement Laver Repetitions Straing Siraing Stradns Strain
(Mg €, [ue) £ (n€) Eue) | E.jue)
Asphaltic Concrete Sx 108 g, 19, 30, 35 20D
Surfacing
Lime treated base e 6, 48, 48, 48 140
Subgrade 1.362 x 11" (EBL) Y63, 496, ek
B33, TEl,
—— =
Table 4 44:
Mumber of Load Caleulated Allowable Calculated Allgwable
Pavement Layer Repetitions Sirains Strain Strains Sirain
(M) E,(nE] ELE) E lpE} Eue]
Asphaltic Concrete S5z 1 4, 19, 30, 35 200
Surfacing
Cement treated Sub- Sx I Ha, BO, 70, TO 154
biase
Subgrade 1.362 x 10° (E30) - SO, BOG, b
833, 781,
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LY

Iabic 4.45: Calculated Versus Allowable Strafns b Pavement Lavoul for B, = S00Mpa and E, = 200Mpa
for Crocking Criterion

P
Mumber of Load Calculated Allowable Calculated Allowable
Favement Layer Hegsetiticnis Slimins - Siridns Stridis Slrain A
(M} EuE] e €. [ue) EJuE)
Asphaltic Concrele oo 4, 19, 30, 35 200
Surfacing
Cement freated Sub- | 5 x 107 80, BO, 7O, TO 154
basc
Subgrade [.362 x I0F (EBOY) 451, 412, D60
378, M8,
Tahle 4. 46: ulated Versus Allowable Sicdns in Pave

for Mo-Cracking Critgrion

i
Mumber of Load Caleuloted Allowable Caloulated Allowable
Pavement Layer Repetitons Atrains Sirain Atrains Strain
: iN) Efu€) € (k€] Efp€] Efue]
Axphaltic Concrets Sx 10 4, 19, 30, 36 200
Surfacing
Cement treated Sub- | § x 10° 48, 48, 16, 36 134
base
Subgrade 1.362 x 10F {ERD) 1480, 1365, 260

6

pE = xllmm/mm
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exceed the allowable strain. Tables 4.36 to 4.43 show the calculated versus
allowable strains for the asphaltic surfacing, soil-lime basecourse and the
subgrade for different stiffnesses of the layers. One .uf the major differences
between tables 4 27 to 4.34 and tables 4.36 to 4.43 ig that the allowable strains
of soil-cement in the first set of tables changes different moduli whereas the
allowable strains of the soil-lime in the second set of tables remain constant.

Four strain values were pi;:k:ad in each case for the surfacing, treated base and
subgrade and all these define the preliminary thicknesses of the pavement
layers.

From all these tables for soilcement and soil-lime, it is observed that the
calculated tensile strain values for the weaker 5ut}lgrade (100Mpa) and the
stronger ona (200Mpa) are the same for cracking c:rit:erl'un. Meanwhile, for the
same condition, the calculated compressive strains for the stronger subgrade is
far less than those of the weaker one. This implies that for the same tensile
strain values at the bottom of treated layers, a pavement wi.th a higher stiffness is
less prone to distress than the one with a lower stiffness. In the case of no-
cracking catenon, though the strain values at the bottom of treated base is less
for a weaker subgrade (100Mpa), all the calculated c?qmpressim strains at the
top of subgrade are more than the allowable strain and this implies that the
subgrade will in no time deform when and if cracks arel inttiated in the pavement.
The factors suggested by Wilson and Pretorius (1970) is more or less a factor of
safety to prevent or pre-empt cracks initiation by designing for heavier loads,

General observation of the tables reveals that tensile strain values for cracking
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Table 4.47: Calculated Versus Allowable Straing in Pavement Lavout for E, = 500Mpa and E, = 200Mpa
[or Mo-Cracking Crilerion

Myrmber of 1oand Calculpfed Allowable Caleulated Allowable
Pavement Layer Kepetitions Sirains Siraing Strains Strain
(M) =M=y E,(nE} £ (pE) e uEy
Agphaltic Concreie 500 4, |9, 30, 35 200
Surfacing
Cement ireated Sub- 5 5107 tib, 6, 48, 44, 154
base I
Subgrade 1,362 x 10F (B8 963, 8946, LU
| #38, THI,
— =

Tabic 4.48:
e - o —
Pamber ol Lol Caleuled Allowable Caloulaved Allowakle
Pavemeni Layeor Repetitions Sirmns Strain Strains Sirain
(N £, (k) €, kE) . (rE) €, (pE)
Asphaltic Concreie 5a 0t 4, 19, 30, 35 20x)
Surlacing
Cement treated Sub- 5 a0 24, 24,24, 12, b5
base
1 Subygracl I.362 & WP (LB I4ad, 1365, oy
1285, 1208,
—

Jable 2.49: Caleulaied Vemus Allowable Straing in P
EI t!!i_s- _]l ; [

w — - —_
MNumbser of Loa Caleulated Allowable Calculated
Pavement Layer Repetitions Sirains Strains Strains Strain
(M) E, (E) €, {kE) £, (nE) =
Asphaliic Concreic 5 a0 4, 19, 30, 35 200
Surfacing
Cement tremted Sub- | 5 2 17 24, 24, 24, 24, 95
base
Subgrade 1362 x 10° (EBO) 963, B96, P64
B33, 781,
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Table 4.50: Caleulsted Versus Allowable Strains in Pavement Lavout for E, = 1 100Mpa and E, = 100Mpa
for Crackine Criteri
= e e— e e = ——— ey —— —r
Mumber of Load Caleuluted Allowable Calculated Allowable
Pavemen Layer Hopstitioans Hraing Strain Slrains Sirain
(M e £, wE) £, rE) £, (kE)
Asphaltic Concreie 5x I0F 4. 19, 30, 315 2HD
surlaching
Cement ircated Sub- | & & 1Y A0, 40, 30, 30, L
base N
Subgrade 1362 1 1P (EBD) 903, 825, TG0
756, 695,
Jablc 4.51: ] :
HIs o LT k]
——
Mumber of Load Calculnted Allowable Calculated Allowable
Pavement Layer Itepetilions Slrains Strains Strains Strain
{Ne) g, k) E, (kE) €, (rE) €, (E)
Asphaltic Concrete Sx 10f 4, 19, 30, 35 200
Surfacing
Cement treaied Sob- | 5 x 1P 50, 40, 40, 40, a5
hase
Subpgrade 1.362 x 107 (ERD 54T, 451, Q69
412, 37E, I
—- ——
Table 4.52; leulated Versus Allowable Sirnins in Pa i for By, = 500Mpa and E, = 100M
i iler
Mumber of Load Calculated Allowable Calculated Allowable
Pavement Layer Repetitions Sirains Strain Siraing Strain
M) €, (kE) €, (pE€) €, (BE) €. (RE)
Asphaltic Concrete Sx I 4, 19,30, 35 ., 200
Surfacing
Lime treated Sub- 1 80, B0, 70, 7O 140
base
Subgrade 1,362 x 1P (EBL) 903, B25, Qa9
T30, 695,
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Table 4.53:

Mumber of Lood Calculated M]uwahiln Calcolated Alloweable
Pavement Layer Bepctitions Sirnins Sirains Srains Slrn
M) €, (nE} €. ne) £, (WE) E, (1€}
Asphaliic Concreic ) 4, 19 My 35 2K
Surlacing
Lime treated Sub- 1a® B0, 80, T, 70 140
base
Subgrode 1.362 = 10 (ERO) 431, 412, o]
378, 348,
= —
Table 4.54:  Calculated Versus Allowable Sieaing in Pavement Lavout for B, = 500Mpa and E, = 100Mpa
for Mo-Cracking Criterion
Mupmbser of el Caleolared Allowakle Caleinlated Allowable
Pavement Layer Repetinfons Sirains Srrnin Sirains Sirain
(] E {ps) =T =) £, (nE) £, (pE)
Asphaltic Concrete 5x 00¢ &, 18,30, 35 200
Surfacing
Lime iresled Sub- 1 4B, 48, 36, 36 140
basc
Subgrade 1.362 = 1P (EB0) 1460, 1365, Rl
L1285, 1204,
= T e e e
for No-Crockin hErio
Mumber of Load Calcuiated Allowable Calculated Allowable
Pavemend Layer Repetitions Strains Strains Sirains Slrainm
(N} £, (nE) €, (pE) €, (Ul £, (nE)
Asphaltic Conerels 55 10F 4, 19,30, 35 2013 I
Surfacing
Lime treated Sub- Lo~ fld, G0, 48, 48 140
hase
Subgrade L.362 x 107 (E80) 963, B94, B6Y
B33, T8I,
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Tahie 4.56: Calculated Versus Allowable 5 v i = =
for Cracking Criterion E
Mumber of Load Calculated Allowahie Calculated Allowable
Pavement Layer Repetitions Strains : Strain Sirains Sirain
Asphalile Conereie iy 4, 19,30, 35 200
Surfacing
Lime treated Sub- [ 40, 40, 30, 30 140
b
Subgrade 1.362 x 10° (ERO) 903, 825, a9
T56G, 695,
e A -
Tahle 4.57: Calculpicd Viersus Allowable Strnins in Povemeni Lavout for E, = | I00Mpa and E, = 20Mpa
for Cracking Criterion
Mumber of Load Calculated Allowable Calculated Allowable
Pavement Layer Repeditions STnins Siraing - Strans Stramm
(N €, (nE} €, (uE) €, (kE) E. (nE}
Asphaltic Concrete 5 x 10 4, 19, 30, 35 200
Surfacing
Lime treated Sub- 10 40, 40, 30, 30 140
base
Subgrwde 1.362 x 107 (E80) 451, 411, b
378, 348,
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Tahle 4.58: I v lowable = 1100M = 100Mpa
for No-Cracking Criterion
Mumber of Load Calculnted Allowahle Calculated Alloaable
Pavement Layer Repetitions Strainz Strain Straina Sirain
(M) €, {RE) E, (uE) E, (nE) E, (nE)
Asphaltic Concrete 5x 10* 4, 1%, 30, 35 20
Surfacing
Lime ireated Sub- - g 4,24, 24,12 1440
hase
Subgrade 1.362 x 10F (EBDN 1460, 1365, it
1283, 1208,
Tabhlg 4,.59; pli Wi lg Sirnins in Pave i fior = |1 a = M
for Mo-Cracking Criterion
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Mumber of Load Caleutmed MAllowable Allowable
Pavement Layer Bepctitions Strains Strains Strains Strain
(N} £, (nE) €, (pE) €, (HE) €, (nE)
Asphaltic Concrete 5oul0t 4, 19,30, 35 200
Surfacing ]
Lime treated Sub- 1o* 24,24, 24, 24 140
base i
Subgrade 1.352 x 10° (E8D) 963, 8946, 969
833, 781,
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criternion 15 usually less than those of no-cracking cnterion. The interpretation of
this is that designs Er no-cracking criterion is more conservative in terms of
pavement layer thicknesses and thus pavement materials.

The calculated versus allowable strains for the asphaltic surfacing, treated sub-
basecourse and subgrade are shown in Tables 4.44 to 4 59, Tables 4. 44 to 4.53
show calculated strain values for cement-treated sub-base while tables 4.54 to
4.59 show the strain values for lime treated sub-base. The pattern in the
previous tables regarding the decreasing values of strains as the depth increase
is the same with these tables too. An obvious difference, which is expected, is
that the tensile strain values at the botlom of treated sub-base is less than those
for the basecourse. The tensile strains at the bottom of asphaltic concrete
surfacing and the compressive strain at the top of subgrade are more or less the
same with those of treated basecourses. Different stiffnesses used for the sub-
base and subgrade resulted into different allowable strains for cement treated
while allowable strain value for soil-lime is constant. 1t is also observed from the
tables that 25mm (an inch) or 50mm (2 inches) increase in depth at times does

not have effect on the tensile strain values at the bottom of a treated sub-base.



L L

4.7

4.8

COMPUTER PROGRAM AND OUTPUT

The outputs of a FORTRAN Computer Program for BISAR Programme
equations are shown in tables 6.08 in Appendix Ill. Tha program
combines Peatie and Ullidtz (1982) equations with BISAR Programme
equation. Peatie and Ullidtz (1982) equations did not give consistent
results and therefore the outputs are on BISAR Programme only, The
computer program was written to calculate stresses and strains at the
bottomn of asphaltic concrete layer, at the bottom of scil-cement and soil-
lime layers and at the top of subgrade. The outputs of this programme
had been simplified and applied in Tables 4.17 to 4.59.

RESULTS OF OPTIMAL MATERIAL COMBINATIONS AND LAYER

THICKNESSES

Tables 4.27 to 4.34 and 4.36 to 4.59 show four values of strains for
asphaltic concrete surfacing, treated basecourse, sub-basecourse and
subgrade for different moduli of these maternals which satisfy the
maximum permissible strain values of each of the materials. The tables
also show different load repetitions which account for the allowable strains
in each case. Because the most critical factors in treated layers are the
tensile strain al the bottom of the treated layers and the compressive
strain at the top of the subgrade, the strain values (four in each case) for
the treated layers and the subgrade define the preliminary material
combinations and layer thicknesses. For brevity, the values arising from

1100Mpa modulus are used for soil-cement basecourse and sub-
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basecourse while those arnising from 500Mpa modulus are used for soil-
lime base-course and 1100Mpa for sub-basecourse.

Relating the strain values in table 6.01 in Appendix to the pavement layout
for E = 100Mpa and E; = 200Mpa in the same table, we have the total
pavement section (H) as 475mm, 500mm, 525mm and 550mm for E, =
100Mpa and 425mm, 450mm, 475mm and 500mm for E, = 200Mpa.
Using the adapted Hejal et al (1971) minimization eguation, the optimal

pavement layout is 525mm consisting of -

1. Asphalt Surfacing (hi) - 100mm
2. Soil-Cement Base (h.) = 325mm
3. Laterite Sub-Base (h.) = 200mm

B25mm

These material combinations and layer thicknesses are the most efficient
for a subgrade with soaked CBR of 5% and mudulus of 100Mpa. The
analysis L5 shown in Appendix |l. The cost per square metre of this
combination is also estimated to beM 854.87. When the socaked CBR

changes to 10% with E. constant, the layout becomes 600mm consisting

of -

T Asphalt Surfacing (h) = 100mm

v & Soil-Cement Base (h;) = 300mm

5. Laterite Sub-Base (h,) = 00mm
Q00mm

The estimated cost par square metre sk 831.16. Far'the subgrade condition in

which E, = 200Mpa and soaked CBR = 5%, the layout becomes G625mm

comprising of -

113



<8

[
=
o
=
3

1 Asphalt Surfacing (h.)

X Soil-Cement Base (h:) = 325mm
s 8 Laterite Sub-Base (h;) = 200mm
625mm

The results of this optimization process are shown in Tables 4.60 to 465, Itis
observed from table 4.60 that the optimal layout value is generally more than any
of the preliminary layout values. This is so because all the values obtained as
preliminary layout are theoretical in nature and do not account o a large extent
for the practical situation of the proposed site. Theilnclusinn of serviceability
index, soil support values, subgrade condition as regional factor help in making
the pavement layout mare realistic as it is shown by uptirnal layout values, As an
example, it is seen from table 4.60 that a sub-base with a lower CBR value has a
higher optimal value. This is why it is observed from the table that a CBR of 5%
has an optimal layout of 625mm compared to 600mm for a CBR of 10%. Table
4.60 also shows that the subgrade medulus values have effects on the values of
preliminary layouts. These effects are however nEutrlatized by the condition of
sub-base and this is the reason why the optimal value for E. = 100Mpa and 5%
CBR and E. = 200Mpa and 5% CBR are the same. The same thing is true for E.
= 100Mpa and 5% CBR with E. = 200Mpa and 5%. This implies that, although, :

subgrade condition has an insert tables 4.60 - 4.65
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Preliminary Versus Oplima

ing Criterion
Preliminary
Subgrade Modulus | Sub-base CBR | Base Modulus | Layout Optimal Layout | Optimal Cost
E, (%) E, {mm} {mmj) (M /m®)
473 hy = 100
500 625 hy, = 313 BS54, 87
100 5(Soaked) 1100 525 h, = 200
550
475 h, = 100
5040 600 by = 300 B3l.16
1O 10§ Soaked ) 1130 525 hy = 200
550
425 hy = 100
450 625 hy, = 325 B54.87
200 5{Soaked) L b00 T 475 by = 200
SO0
423 by = 10D
450 600 hy = 300 K31.16
200 10( Soaked) 1 LD 475 h, = 200

% H Preliminary
Subgrade Modulus Sub-base CBR Base Modulus | Layout Optimal Layout | Optimal Cost
E, (%) E, {mm} {mm} (M /m")
550 h, = 50
. | 550 h, = 300 625 24
100 SiSoaked} 300 G000 h, = 200
G625
550 b= 50
575 550 hy, = 300 625.24
100 10iSoaked) 00 GO0 hy, = 200
625
550 h, = 25
575 550 h, = 325 561.22
FALH S{Sonked) 5040 G h, = 200
G5
350 b, = 2%
575 550 hy = 325 5561.22
2041 10 Soaked) S0 &HD hy = 200
G625
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Preliminary I
Subprade Modulus | Sub-base CBR Base Modulus Layou Oprimal Layour | Oprimal Cost

E, (%) E; mm} {mum} {M /m’)

625 b, = 100

(18] 625 hy = 325 854 87
200 SiSoaked) 1100 675 by = 200

TO

6235 b, = 100

W] 625 hy = 325 B54.87
200 10§ Soaked) 11040 675 hy = 200

TOD

—_—
Tible 4.63:

Subgrade Modulus | Sub-base CBR Base Modulus | Layout Opiimal Layowt | Optimal Cost
E, (%) E, {mem) {mm) (M /m?)
625 h = 75
650 625 hy = 350 T74.40
200 S{Soaked) 500 675 h, = 200
TO0
625 hj = 75
650 625 h, = 350 T74.40
200 10 Seiked) 500 675 hy = 200
L l
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- o |
Subgrade | Sub-Boase Preliminary Optimal
Criterin befloduli Befoadulaes Base CHBR Layous Optimal Layoul Ciost
E, E, (%) {imm} ) [ /')
1040 475 by, = 100
Cracking & 11040 TH{Unsoaked) 500 525 T03.314
200 515 hy = 415
550
Mg 63 by = 100
Cracking 2040 110 TH{Unsoaked) . 650 G625 T71.98
G735 h, = 525
700

---
EHETS Freliminiry Opetinul
Bt las Baze CBR Layout Optimal Layouwi | Cost
E, (%) () () (B /)
© 425 hy = 75
11041 T8{Unsoaked) 450 425 549_34
475 h, = 350
500
625 Iy, = 100
1 1Kd Tei({Unsoaked) 650 G625 T71.98
675 hy = 525
700
—_— e — =
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important role to play in pavement design, other layers of the pavement also
have their contributory roles. Another reason why the optimal layout is more
than the preliminary layout values is that scil-cement used here has a weak layer

co-efficient (a,) because of its lower compressive strength. A layer coefficient

converts the structural number of a pavement to actual pavement thickness, It
follows therefore, that given the same structural number, a smaller layer
coefficient will result into a larger pavement thickness. Another reason for the
larger values of optimal layout is cbedience to constraints equations 6.08 to 6,19
in Appendix 11,

Table 4.61 shows the optimal layout of soil-lime base. It is observed from the
table that the optimal layout value falls within the preliminary layout values. This
i5 probably so because soil-lime has a higher layer coefficient value. The layer
coefficient values for soil-cement and soil-lime are 0.14 and 0.27 respectively.
The soil-cement layer cneﬁi&ient Is about 52% of the layer coefficient for soil-
lime. In addition, comparing Tables 4.60 and 4.61, the material combination for
sail-lime is better than that of soil-cemeant. The reason stll revolves around [ayer
coefficient value for soil-ime.

It is noteworthy that the base modulus (E:) under which a smaller optimal layout
15 obtained for soil-lime is less than that of S-D'E|=EE=rT1E;'It. All these tables show
the optimal layout of pavement when considering cracking as a criterion.

Table 4.62 shows the preliminary and optimal layout of soil-cement base for no-
cracking critenon. It is seen from the Table that the u'pllrnal layout is the same

with that of cracking critenon. Also, a close look at the preliminary layout values
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of the cracking criterion reveals that the optimal layout for the critenon is more
than any of the preliminary values, The implication of this is that the optimal
layout value (B25mm) 15 a realistic value. It is also cbserved from the table that a
change in the CBR condition from 5% 1o 10% does not affect it. Table 4.63
'qmrhlch shows the case of soil-lime base attests to this observation despite the

fact that the modulus of subgrade has reduced from 1T100Mpa to S00Mpa
Although, the material combination for soil-lime changes slightly and is more
economical, the total optimal section (625mm) is still the same. This optimal
layout value is probably a meeting value for both 5c:ir—nément and soi-lime bases
for the conditions used for this study.,

The prelmmary versus optimal layoul values for sol-cement and soil-lime sub-
bases are shown by Tables 4.64 and 4.65 respectively, From the tables, it is
seen that the laterite bases are excluded for the optimal layout values. The
Hejal et al (1971) minimization equation rejects laterite bases for both soil-
cement and soil-lime (See Appendix Il item 6.21). This means that for the stated
conditions in this study, what would have passed for an "upside down" pavement
15 moderated to a two-layer pavement by an optimization method. An "upside
down" pavement consists of bituminous layer, a granular base-course and a
cement or lime-treated sub-base. It is observed from Table 4.64 that the optimal
layout for soil-cement in a three layer pavement structure is more than for this
two-layer system for cracking criterion. The same planern Is also repeated in
Table 4.65 for soil-lime. Meanwhile, for no-cracking criterion, the optimal layout

for the two tables once again converge on a layout that seems to be the "optimal
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layout" of the optimal layouts. The implication of this is that whether a pavement
structure is two or three layered, cracking or no-cracking, the following range of
matenal combination and layer thicknesses are very important,

Asphalt surfacing (h,) - = 75 to 100mm

325 to 350mm

Treated base (h.)

3580 to 525mm

Treated Sub-base h,
Untreated Base or Sub-base (h;orhy) = 0 to 200mm
The matenal combination and total pavement thickness of any of this must add
to 625mm.
Figure 4,10 shows the relationship between treated base, sub-base thicknesses
and the asphalt layer for optimum layout of the pavement. For the treated base,
a constant value of 200 mm (for laterite sub-base) is added lo the values of
asphalt and base ﬁicked from the figure. For the treated sub-base. no value will
be added because the structure is two-layered. As an example, an asphaltic
surfacing value of 75mm corresponds to a treated base of 350 plus a constant
sub-base value of 200mm. This adds up o 625mm ﬁ'hin.h is the optimal layout
for soil-lime base. This same value without the sub-base constant value is equal
to 425mm which is the optimal layout for soil-lime sub-base, For surfacing value
of 100mm, the corresponding value of the treated base or sub-base is 325mm.
Adding 200mm in case of three-layerad structure, the pavement layout is 625mm
which is the optimal layout for soil-cement base with 5% soaked CBR.
The figure works for both cracking and no-cracking criteria within the moduli

investigated. From the figure, it is ohserved that any asphalt surfacing thickness
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